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Abstract 
 
New water sources are rarely available in Australia for irrigation.  It is even rarer for this to 
be offered to potential users for little or no cost.  However, this is the case with coal seam 
water (CSW). CSW is produced as a by-product of gas extraction. Availability of this water 
is possible because coal seam gas (CSG) companies operating in Queensland are obliged 
to treat and dispose of this normally salty water.  The cost of this treatment is considerable 
and yet the companies have not sought to recover these costs.  There is no available data 
on why the companies have chosen a particular option within a range of options available 
for the disposal of CSW. The provision of this water was unprecedented to potential users.   
Accordingly, there was no precedent for its adoption. 
  
Given that treated CSW is available for use in agriculture, a key question must include how 
irrigators can best use it.  This may mean making decisions about using it for irrigation in 
their current dryland production system.  The thesis is particularly aimed at discovering the 
economic benefits from the use of this water for irrigation and what are the motivations of 
different users to incorporate this water into their production systems. However, the overall 
purpose of this thesis is to discover how much water is being made available for beneficial 
use generally, where and for what purpose. The thesis also aims to provide alternative 
options for the use and distribution of this water for maximum economic, social and 
environmental benefit. 
 
The research for this thesis partly uses cost-benefit methodology for case study farms 
which utilise input data from economic modelling and from farm interview data provided by 
affected landholders and industry expert commentators.  The study area chosen was 
Chinchilla, Queensland where most of the State’s CSW is available for irrigation.  Here it 
was found that there were 36 landholders receiving this water.  Fourteen of these were 
willing to be interviewed.  In addition, there were 9 other landholders and 13 industry 
experts interviewed. 
 
The acceptance and use of CSW by landholders was not universal. At the outset, potential 
irrigators needed to meet a certain set of conditions before they were in a position to 
accept and utilise CSW.  The first condition was physical proximity to a treatment facility; 
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the second was the ability to meet the supply contract conditions. The third was a 
willingness to accept the supply risks with an untested and unknown water source.   Many 
potential irrigators did meet these conditions. Despite this, many still chose not to use this 
water. The reasons for this were complex and related to a combination of economic, social 
and environmental considerations. 
 
The interview material was designed to obtain first-hand information about the reasons 
why landholders would use or refuse this water. For all landholders, incorporation of CSW 
into their production system was influenced by their individual outlook and circumstances. 
One key deciding factor for users was the profit potential and the enterprise establishment 
opportunities.    Clearly, this was favourably influenced by the low price of the water and its 
reliability of supply.  For those unfavourably disposed, their decision was generally based 
on more complex reasoning.  It included perceptions about potential negative impacts on 
groundwater resources or concerns about the equity of CSW distribution. 
 
Quantifying the impact of CSW required economic modelling of potential benefits from its 
use in irrigation.  The modelling was designed to provide empirical evidence of its potential 
for beneficial use.  This was investigated with reference to farm case studies in the 
Chinchilla District.   These case studies compare dryland cropping and grazing with 
irrigated cropping using water from various sources. One major difference for CSW 
irrigation is that contracts include penalties for refusal to take contracted volumes.  This led 
to difficult and complex decision making possibilities for potential users. 
 
Alternative distribution and disposal methods are thought to improve an improved benefit 
from this valuable new water source.  One of these recommendations discusses re-
injection into the Condamine Alluvium.  This discussion explores the scenario whereby 
more farms on better agricultural land are able to access water for a longer period of time.  
Such a scenario would delay the need for buy-back of over-allocated groundwater 
licences, which would provide significant economic benefits for sustainable agriculture. 
This thesis includes an estimation of the potential cost of this failure to replenish the water 
resources of the Condamine Alluvium and provides suggestions for long term 
improvements to sustainable agriculture.  As a result, this thesis recommends a complete 
review and re-evaluation of the way CSW is delivered to potential users. While this would 
not necessarily change the way water is currently distributed this would be instructive for 
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future use of this and other groundwater.   Therefore, the results are important for the 
further development of CSG in agricultural areas in Australia and internationally. 
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Chapter 1 Introduction 
 
 
1.1 Thesis structure 
 
This thesis is structured to provide a brief introduction (Chapter 1) to the CSG industry with 
its associated production of CSW and its beneficial use in agriculture.   When suitably 
treated its use for irrigation is clearly advantageous, however this use is not without 
controversy because of potential and perceived social and environmental costs which may 
have implications for sustainable agriculture. 
 
Following this introduction and an exploration of associated issues, a literature review 
(Chapter 2) is undertaken.  This aims to resolve these issues and provides an opportunity 
to discover where there are information gaps and where specific research is required to 
resolve them.  Finally, the literature review identifies specific research questions to 
address these gaps. 
 
Chapter 3 provides the methodology to ensure these research questions are adequately 
addressed.  The methodology also delivers the best way of answering these questions 
through directing research to a particular study area.  Following this, the results are 
provided in Chapter 4 for this study area. Chapter 5 discusses the implications of these 
results including the implications of CSW provision for sustainable agriculture generally. 
 
The thesis findings are summarised in the conclusion Chapter 6.  Among other findings, 
this summarises the significant improvements to sustainable agriculture which could be 
achieved from alternative distribution and storage methods for CSW. 
 
1.2 CSG Production 
 
This section describes the size and extent of the CSG industry in Australia, particularly 
Queensland.  It includes a brief comparison with the US coal-bed methane industry which 
affords an appreciation of the potential for CSW production and its impact on agriculture. 
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CSG production in Australia involves the drilling of wells into coal containing strata that are 
also saturated with water.  Groundwater is brought to the surface, depressurising the coal 
seam, thus allowing methane gas to be released from the coal.  Over time, the volume of 
groundwater produced by each well diminishes and gas extraction increases to the point 
where wells produce only gas.  With regular maintenance wells have an average life of 
approximately 25 years (Geoscience Australia, 2015). 
  
The gas and water is separated at the surface. The gas is piped to a processing facility for 
distribution via pipelines to agricultural, residential and industrial customers and to the 
LNG facilities at Gladstone for export. The salty CSW is usually piped to a treatment 
facility to remove this salt and enable it to be directly used for consumption.  In some 
instances, raw CSW can be used for irrigation if it and the soil it is applied to, is chemically 
treated. 
 
Exploration for CSG commenced in Queensland in the 1980s. CSG is now the dominant 
source of gas in the State, comprising over 90% of the gas produced and over 99% of the 
remaining proved and probable gas reserves (Department of Natural Resources and 
Mines, 2014b). Commercial production of CSG is sourced from the Bowen and Surat 
basins within the Great Artesian Basin (GAB).  CSG is piped to the State's export liquefied 
natural gas (LNG) plants based in Gladstone.   More than 5000 kilometres of transmission 
pipelines connect producing gas fields to markets within Queensland, particularly 
southeast Queensland, Gladstone and Mount Isa (Department of Natural Resources and 
Mines, 2014a). 
  
The CSG industry has tenements to potentially develop CSG reserves across 24,000 km2 
of agricultural land in the state of Queensland (Huth et al., 2014). Figure 1, shows the 
petroleum and gas tenures in the Surat Cumulative Management Area (CMA), which 
includes the Surat and Bowen Basins. Most of these tenements are found in the Surat 
Basin.  The CMA is one of the areas declared by government for the management of 
groundwater in Queensland (Office of Groundwater Impact Assessment, 2012).  It 
encompasses CSG tenements in rural areas from Cecil Plains in the south-east to north of 
Injune in the north-west. There are four operating companies holding these tenures; 
Queensland Gas Corporation (QGC), Australia Pacific Liquefied Natural Gas (APLNG), 
Santos GLNG and Arrow Energy.  
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CSG operations occur in areas which include extensive grazing of beef cattle, mixed 
grazing and cultivation of grain and forage crops.  Approximately 90% of CSG tenements 
are found on grazing land (Huth et al., 2014).  
 
 
Figure 1: Petroleum and gas tenures in the Surat Cumulative Management Area (CMA) 
Source: (Office of Groundwater Impact Assessment, 2012) 
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CSG development is also occurring in areas of intensive cultivation of dryland grain and 
pulse crops.  These areas also contains significant examples of irrigated agriculture 
(mostly cotton growing) in the south-eastern part of the area shown in Figure 1 
(Queensland Farmers Federation, 2011, Office of Groundwater Impact Assessment, 
2012).  This agricultural land contains a significant proportion of high quality agricultural 
soils often overlying a key aquifer, the Condamine Alluvium (CA). This aquifer underlies 
the Condamine River which is the major surface water supply in the region.  The Surat 
basin is found in the southern half of this area which is the main focus of CSG operations. 
Underlying the Surat basin is the Bowen basin; again, this is the focus of CSG activities in 
the northern part of the area. 
  
1.3 CSW Production 
 
The CSG industry in Queensland is estimated to produce an average of about 100 GL/yr  
or a total of 5,000 GL of CSW up to the year 2060 (Office of Groundwater Impact 
Assessment, 2012, Keir et al., 2013).  CSW presents a major disposal problem for the 
industry largely because of the dissolved salt.  This water, with an average total dissolved 
salt of 5000 ppm, cannot be used directly for crop and pasture production without 
treatment to either remove it or ameliorate its effects (Fell Consulting Pty Ltd, 2014).   
The status and use of CSW is defined in two pieces of related legislation. As CSW is a by-
product of mining activity, it is defined as a “waste product” under the Environmental 
Protection Act 1994 and cannot be disposed of without treatment and containment.  
However, under the Waste Reduction and Recycling Act 2011, CSW can be approved for 
use as a resource if it can be shown that this water can be treated and used beneficially 
(Department of Environment and Heritage Protection, 2011). 
 
There are several potential options available for disposal of treated CSW.  Non-beneficial 
use options include; includes evaporation and disposal of residual salt (disallowed in 
Queensland legislation), release to stream or re-injection into a suitable underground 
aquifer.  Beneficial use options include; industrial use (such as coolant for power stations 
or dust suppression) or treatment and use for agriculture and as drinking water for stock 
and domestic use.  Beneficial use is said to occur only if there is a direct and immediate 
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benefit to a user (Khan S and Kordek G, 2014).  The nature of the beneficial end-use will 
determine the level of treatment that is required.  As a result of this and considering that 
there are large volumes of CSW produced in Queensland, the major potential beneficial 
use will be most likely be directed towards irrigation. 
 
CSW in the US is called ‘produced water.’  Evidence from the US, where the production of 
coal bed methane (CBM, which is similar to CSG), commenced in the 1980s, shows that 
‘produced water’ represents a small fraction of water use in the US. In 2000, the total U.S. 
water use including surface water and groundwater for irrigation was estimated at 1,587 
billion barrels (189M GL). Of this, only 0.6% or 20 GL/yr was produced water (Hutson S 
Barber J Kenny K Linsey D Lumia M and Maupin M, 2004).  Clearly this is not a large 
figure; it has been suggested by Hutson et. al. (2004) that the reason for this low 
agricultural use is the salinity of the water and the fact that most crops are susceptible to 
salinity. In addition, there is concern that the produced water is sodic, which refers to the 
amount of sodium in the water (Clark C and Veil J, 2009). This presents risks for long term 
impacts on soil structure and fertility.  Low usage may also be attributed to the lack of 
regulatory controls preventing release to stream and other less expensive means of 
disposal (Khan S and Kordek G, 2014).  These issues are discussed in detail in Section 
2.4. 
 
In Queensland, the coal seam gas companies treat and use much of their CSW 
beneficially (Khan S and Kordek G, 2014).  As a result, the level of beneficial use has 
possibly been higher than is evidenced the US.  Most CSG companies treat the water by 
reverse osmosis (RO) to remove nearly all of the salt such that it can be used directly for 
consumption with the major proportion available for irrigation purposes.  One company 
(Santos) alternatively chemically treats the CSW and the soil on which it is applied(Santos, 
2015).  If all 100 GL of the annually produced CSW could be used in this way (beneficially 
for irrigation) theoretically this would add an additional $200m contribution to the annual 
gross value of agricultural production in Queensland (Australian Bureau of Statistics, 
2008). 
 
Beneficial use of CSW for agriculture in Queensland will depend on where it is to be found 
and the type of land use in these areas.  CSG activity is found in the Surat and Bowen 
Basins with the intensity of agricultural activity increasing toward the south and east within 
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these basins.  Much of the current activity around parts of Chinchilla has been possible 
due to its suitability for irrigation.  These conditions are not necessarily found elsewhere.   
Therefore, while there is the potential for widespread irrigation across tenements in the 
Surat and Bowen Basins, this will only occur in those areas where there are major 
treatment facilities with proximal water infrastructure, and where there is existing 
knowledge and willingness to irrigate.  On this basis, even with the most optimistic 
forecasts, the maximum beneficial use from CSW is probably limited to 70% to 80% of the 
total water available.  However, this would be a very creditable result given the difficulties 
associated with achieving beneficial use of this water for irrigation (Khan S and Kordek G, 
2014). 
 
It may be assumed that the more CSW which is used beneficially the less demand there 
would be on other water for consumption and the environment.  However, the potential for 
beneficial use does not ensure this outcome.  Beneficial use is more likely to occur where 
water supplies are in demand and in short supply.  This is the case where groundwater 
resources are generally over-allocated for irrigation, town and water for stock and 
domestic purposes (Department of the Environment, 2014).  This is prevalent in many 
parts of the Darling Downs, particularly in the south-eastern part of the CSG industry 
(Figure 1).  
 
The literature indicates that water licences for irrigation are highly sought after and 
command a high price (Department of the Environment, 2015c).  This indicates that CSW 
would be a highly valued new source of water in areas concurrent with those suffering 
water shortages. Therefore, once CSW has been approved for beneficial use it can be 
assumed that this resource would be in high demand from potential irrigators.  However, 
the circumstances attending the provision of CSW made decisions regarding accessing it, 
difficult to achieve for these irrigators.  As a consequence, this thesis evaluates landholder 
decision-making about beneficial use, including the incorporation of irrigation into farming 
systems and landholder views about sustainable extraction and use of CSW. 
 
One of the reasons many landholders had concerns about CSW is the fact that CSW 
extraction may impact other groundwater resources (Hillier J, 2010).  Part of this concern 
relates to the concern that the Walloon Coal Measures (WCM) containing CSW may be 
connected to other water source aquifers within and adjacent to the GAB.  Some believe 
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that if there is connection, salty water from the WCM could possibly mix or move between 
higher quality water in aquifers used for irrigation. There is no evidence in the literature to 
prove this, although several authors raise the potential of connection (Vink et al., 2008, 
Hillier J, 2010, Office of Groundwater Impact Assessment, 2012).  Regardless of the 
potential, it seems there remains a concern in the community (which are assessed in this 
thesis in farm interviews) because of its potential impact which in turn impacts on 
willingness to use this water. 
 
To recap, the literature review establishes that the availability of treated CSW presents a 
major opportunity for many agricultural producers in Queensland.  This can enable them to 
establish irrigation on their dryland properties or expand irrigation opportunities for existing 
irrigators.  This opportunity enhances the potential for agricultural producers to better 
manage climate variation, boost local agricultural production and economic development.   
This in turn can lead to significant improvements in sustainability of agricultural practice, 
an issue of increasing relevance for modern primary producers.   Much of the success 
depends on the ability of landholders to transition their enterprises to use CSW. 
  
This thesis establishes the extent and availability of CSW in Queensland. It reviews its use 
and its impact for irrigation.  Further, it evaluates environmental impacts such as soil 
salinization.  This and other issues and problems associated with CSW use are reviewed 
in the literature (Chapter 2). Following this review, research gaps in information are 
defined as research questions (Section 2.9). 
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Chapter 2 Literature Review and Theoretical Foundations  
 
This literature review is designed to describe what is known about CSG and CSW 
production.  From this, it then describes some potential issues which define the nature and 
extent of the literature review.  From this the information gaps are described and the need 
for research questions to address these gaps.  
 
The literature review covers a wide scan of published material pertinent to this subject.    
However, this thesis focuses on CSW issues which have a direct bearing on economic and 
social transition, environmental impact and agricultural sustainability.  
 
In Section 2.1, the literature review will firstly cover CSG and CSW production 
characteristics.  Section 2.1.1 then lists the industry issues which come out of this.  This 
list will describe the need for definitions of CSG, CSW, beneficial use and sustainable 
agriculture.  It will then discuss global production and consumption of CSW and the history 
of activity in the US as the pioneer in this industry.  It will then address the Australian and 
Queensland CSW situation including the economic impact of the CSG industry.  It will 
discuss irrigation in agriculture generally as the context for CSW use in irrigation. 
 
Finally, conclusions are made from the literature review in Section 2.10. 
 
2.1 CSG and CSW Production Characteristics 
 
CSG is described as an unconventional gas primarily because its means of extraction is 
different from conventional gas.  Conventional gas is extracted directly by drilling into 
hydrocarbon containing strata and the gas either comes out under its own pressure, or is 
forced out with solvents and/or with hydraulic pressure.  CSG on the other hand, is 
typically found within fractures and cleats in a coal seam and is extracted by drilling wells 
into the coal seams and depressurising them by bringing associated water to the surface 
(Geoscience Australia, 2014b).  The method of CSG extraction in Queensland is illustrated 
in Figure 2. 
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Figure 2: Typical geological section of the Walloon Coal Measures 
Source: (APLNG Pty Ltd, 2015) 
 
 
Coal Seam Gas (CSG) is a naturally occurring gas found in most coal seams around the 
world and it has a similar composition to conventional natural gas (methane and other 
gas). Coal seam gas (CSG) is called coal bed methane (CBM) in the US because it is 
mostly composed of methane.  
 
In 1996, the first major commercial production of CSG in Australia commenced in the 
Bowen Basin, Queensland. Since then production has increased rapidly especially in 
Queensland in the Bowen and Surat Basins. In New South Wales reserves have been 
proven in the Sydney, Gunnedah, Clarence-Moreton and Gloucester basins although 
production has only been from the Sydney Basin. Exploration has been undertaken or is 
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planned to be undertaken in other coal basins around Australia including in the Galilee, 
Arckaringa, Perth and Pedirka Basins (Geoscience Australia, 2014b). 
 
A major driver for CSG growth was a decision in 2000 by the Queensland Government 
that required 13% of all power supplied to the state electricity grid to be generated by gas 
by 2005. That requirement has been increased to 15% by 2010 and 18% by 2020.  CSG is 
the major domestic gas fuel source in Queensland providing about 90 per cent of domestic 
gas supply which represents about 10% of all gas produced in this state (Department of 
Natural Resources and Mines, 2014a, Department of Energy and Water Supply, 2012). 
 
In 2007, the Queensland Government stated that CSG production was worth $3b in 
contribution to Gross State Product (GSP) and $850m in royalties to the state government 
(Montoya D, 2014).  This figure could be greatly exceeded with various reports describing 
the industry as worth a total of approximately $70billion with annual exports of $1.4billion 
(Fitzgerald B and Chamber M, 2014).  This was a result of huge increases in prices which 
were originally only $4 per gigajoule although prices are highly variable and largely reflect 
the volatile market for petroleum products generally.  Oil and gas prices fell significantly 
during 2015 and are below trend in early 2016.  This is having a seriously dampening 
effect on exploration and development in the gas sector. 
 
In Queensland, large parts of the coal seam gas (CSG) tenements1 (Figure 1) are on 
grazing lands.  CSG development is having a significant impact on the Queensland 
economy but its impact for graziers and other agricultural producers in the CSG area is not 
well known.  These impacts could be significant.  Huth et al (2014), found that 
approximately 90% of the area under CSG development is on grazing land and that CSG 
mining leases have been approved for tenements covering over 24,000 km2 of the Surat 
Basin.   A major issue is that some leases are found on high value cropping and irrigation 
land and these areas offer more resistance to CSG development because of conflicting 
land use priorities. 
   
                                            
1 An exploration mining tenement can be converted to a mining lease for the extraction of minerals and hydrocarbons such as gas 
provided certain conditions are met including the provision of an environmental impact statement which is acceptable to authorities. 
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Despite successful production of CSG in Queensland the same could not be said of other 
states in Australia. This is curious because it has been shown that CSG been successfully 
produced in this state for several years without any serious environmental damage 
sufficient to cause a major review of Queensland government approval.  The reason 
appears to be that there are residual concerns by various interests (Hutton D, 2014b). One 
of the major concerns surrounds the potential impact on groundwater resources.  Some 
have expressed concerns that CSW (with in their mind raw water not differentiated from 
treated water) contains significant quantities of dissolved salts and its disposal presents 
costly and difficult environmental problems.  Also poor drilling practices have the potential 
to generate fugitive gas emissions and contaminate adjoining water source aquifers (Khan 
S and Kordek G, 2014). 
 
Another issue which has undergone considerable research is the use of treated CSW in 
irrigation and its long term impact on soil salinity.  This includes the fact that CSW has a 
high salt (>5000 ppm TDS).  Given that most of it is treated to remove virtually all of this 
salt this should allay most concerns about its use in irrigation. All CSW used for irrigation 
must also comply with legislation on salt content.  However, the issue of use of CSW 
causing saltation of soil is more related to the fact that it is additional water for irrigation 
which could potentially mobilise natural salt in the soil profile. This would be true of any 
additional water for irrigation that could cause salt mobilisation.   This is therefore an issue 
of irrigation management of any additional water particularly on vulnerable soil.  Irrigation 
management may be a new field of endeavour for some rural producers.  As such these 
new producers may need to obtain additional knowledge and support  before deciding 
whether or not to use CSW.   
 
The issue of beneficial use of CSW is central to the research proposed in this thesis.   In 
absence of a cost recovery (partial or total) beneficial use option one of the industry’s 
largest recurrent costs would be the extraction and safe disposal of this water even though 
this may be minor compared with the revenue potential from gas sales.  It is not possible 
to obtain reliable figures on the cost of water extraction and disposal in Australia but it is 
known that the gas companies have spent several billion dollars to treat this water.  For 
instance, the Kenya water treatment plant together with other water infrastructure near 
Chinchilla has been quoted by QGC as costing over $1billion to establish although specific 
figures for the Kenya plant have not been published (QGC Pty Ltd, 2013a).  QGC (2013) 
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estimate the cost of running this plant by Veolia Water Australia Pty Ltd at $800 million 
over the next 20 years.  The cost of delivering this water to end users has not been 
published.  It is possible to estimate the costs of similar plants built elsewhere and this 
plant may be in line with those (Fell Consulting Pty Ltd, 2014).  This is discussed in 
Section 2.7.1. 
 
The Kenya plant is currently the largest CSW treatment plant2 in the Surat and Bowen 
Basins.  It is capable of treating 35 GL per year which represents about 35% of total 
current production across the basins (100 GL per year see Section 2.2).  The other major 
plants in the Chinchilla district are the Arrow Energy plants at Daandine and Tipton and the 
APLNG plants at Condabri and Talinga.  These plants together produce around 40 GL per 
year (see Section 2.2.2).  On this basis, the treated CSW in the Chinchilla district 
represents 75% of all CSW produced in the Queensland basins.   This level of beneficial 
use would be regarded as a very creditable result compared with the US (see Section 
2.1.5) although the ideal may be closer to 100%. The intention by the companies and the 
government is that most of the treated water will be used beneficially with the largest 
percentage of this used for irrigation (Queensland Parliament, 2012).  How much can 
potentially be used and how much is actually produced and used in the Chinchilla district is 
the subject of this research thesis.   
 
A useful source of data comes from the US which has a long history of coal bed methane 
(CBM) production especially as the cost estimation of CBM associated water treatment 
and disposal has been (unlike in Australia) widely published in US material (Eide E et al., 
2010). The Powder River Basin is the largest producing region of CBM associated water 
(but not gas which comes from the San Juan Basin) in the US, which produced 114 GL in 
2009.   Reverse osmosis (RO) treatment cost in the US of associated water is estimated at 
between $100 to $300 per ML with additional costs for storage, delivery and distribution 
(see Section 2.7.1). 
 
                                            
2 The second even larger QGC  plant at Woleebee Creek west of Wandoan is scheduled for commissioning in 2014. That plant will have capacity to 
treat up to 100 megalitres per day.  
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Therefore, it seems reasonable to deduce that the cost of RO treatment of CSW and 
delivery to Queensland end users is a major cost for which there is little or no 
compensation to producers. Regardless of this cost, this investment is clearly considered 
worthwhile by the gas companies.  The gas companies are obliged to dispose of this water 
as it is classified in legislation as a mine waste and is subject to disposal conditions as a 
waste product3.  Obviously the companies would want to achieve this in the most cost 
effective way possible.  From US data it seems RO treatment and use in irrigation is 
probably the cheapest beneficial use option.  It was found to be three times cheaper than 
direct application and soil amendment (the preferred method of Santos in Queensland), at 
least 5 times cheaper than aquifer re-injection and up to 10 times cheaper than 
evaporation and disposal of residue.  Despite this it seems re-injection is the preferred 
method (unlike in Australia) of disposal representing over 80% in the US (Veil J, 2015). 
 
Being essential to their livelihood, agricultural producers highly value the water they use. 
This is the opposite perspective to the CSG companies for whom water is a cost with little 
or no benefit.   An alternative way of expressing this is that CSG companies are required 
to pay to safely dispose of the water that they produce.  On the other hand, agricultural 
users are obliged to pay for the water they use and for conservation of the water so that it 
may be efficiently and effectively used.  It seems that rather than this being a cause for 
potential conflict this offers a logical opportunity for both parties to arrive at a mutually 
beneficial outcome. 
 
                                            
3
CSG operators must hold an environmental authority (EA) under the Environmental Protection Act 1994 (EP Act) before any work can take place 
on tenure. An EA applies to the tenure holder and is for the tenure on which the activity is being carried out. 
As part of an EA application under the EP Act, CSG operators must demonstrate how their water will be managed in accordance with the policy. 
CSG operators are also required to submit an annual evaluation of how effective and appropriate management of CSG water has been. This 
annual evaluation is carried out in consideration of the measurable criteria. ( https://www.ehp.qld.gov.au/management/non-
mining/documents/csg-water-measurable-criteria.pdf ) for the management of CSG water. 
Under the EP Act, waste is defined as including anything that is left over, or an unwanted by-product, from an industrial, commercial, or domestic 
activity. There are a range of regulatory requirements that are placed on the management of waste. 
As CSG water is a left over and unwanted by-product, it is initially regarded as a waste. However, under the Waste Reduction and Recycling Act 
2011 (Waste Act) a waste can be approved for use as a resource if it is considered to have a beneficial use other than disposal. If a waste is 
approved as a resource, it is no longer considered a waste for the purposes of the EP Act. This means there is no need for assessment or 
consideration around how the waste is to be managed under the EA. 
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Unfortunately, while this seems to be an ideal solution for both industries evidence to date 
suggests that the beneficial use of CSW has been slow to develop and is patchy in terms 
of its application.  A number of reasons can be postulated for this although evidence 
suggests that from the company perspective cost is the major deterrent and from the 
agricultural users’ perspective it is a complex mix of economic, social and environmental 
reasons relating to individual circumstances.  Arriving at a better understanding of these 
reasons will provide new insight and the potential to find a better accommodation between 
both industries to the benefit of all.  Ultimately, the aim would be to find ways to improve 
opportunities for sustainable agriculture (see Section 2.1.3). 
 
2.1.1 Issues 
 
The foregoing discussion raises a range of issues associated with CSW production and 
use.  The following is a summary of some of the main ones; 
 
1. Data regarding the volume of CSW produced in various locations across 
Queensland is not published with associated uncertainty surrounding; 
 How it is treated and made available for potential users? 
 The cost to potential users and how this compares with other water sources. 
 The variability and sustainability of CSW production.    
2. Concern about CSW impacts on other water supplies.  Is this because it is part of 
other groundwater supplies or is this mainly about sustainable use? 
 How will CSW extraction improve or make this situation worse? 
 What does the current science say about connectivity and recharge of 
aquifers affected by CSW extraction? 
 Are current water sources such as water bores being affected and if so, are 
these affects being mitigated and compensated? 
 Use of CSW in Australia seems to be different from the way other water is 
being managed. 
 CSW in Australia seems to be managed and disposed of differently from 
CBM produced water in the US. 
 CSW extraction is regulated differently from other groundwater and its 
potential impact on groundwater aquifers is causing widespread concern. 
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3. Concerns about water quality and potential damage to the environment. 
 Is there sound scientific evidence about water quality and are there concerns 
about poisonous chemicals and toxins? 
 How will these be mitigated and is the legislation sufficient to deal with this? 
 CSW has similar salt content to many other groundwater resources (which 
can be used directly for stock water) so why is it receiving much greater 
environmental comment and concern regarding its use and disposal? 
 How important are these concerns in relation to acceptance and eventual 
beneficial use? 
4. Beneficial use of CSW and finding the best option for disposal of this water. 
 What are the options and what are the benefits and costs to different 
stakeholders? 
 Concerns about how the water is being distributed and equity of access 
 Should potential losers be compensated and if so how would this be done? 
 Treating CSW is very costly so this valuable resource should not be disposed 
of wastefully.  
 Many farmers are unwilling or unable to use CSW implying a potential loss of 
opportunity. 
 The CSG industry is only here for 40 years and there are no strategies to 
optimise associated treated CSW production and extend the benefits. 
 There is a lack of information and transparency regarding industry activities 
and how CSW can be utilised for optimum benefit. 
5. What information do primary producers need to make optimum decisions about 
accessing CSW? 
 How much can they afford to pay for this water including infrastructure costs? 
 How do the costs and conditions compare with other water sources? 
 Does it improve or adversely affect the economic opportunities for other 
water? 
 Does it improve the long term productivity and profitability of the farming 
enterprise? 
6. Is irrigation using CSW the optimum beneficial use and if so, how should it be 
encouraged? 
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 If this requires a change in current farming practice how will this be 
achieved? 
 What are the risks and other factors which influence decision making? 
 What are the physical limitations such as suitable soil, water storage and 
best crop options? 
7. What does a combination of these issues mean for sustainable agriculture? 
 How will this water impact industry, the community and the environment?  
 How are current policies and incentives influencing decision making? 
 How could they be improved to optimise outcomes? 
 
From the above, it is clear that this is not an exhaustive list and that there is potentially an 
enormous range of problems and issues which could be researched in order to obtain a 
better understanding of CSW application and use.  The literature review will resolve or 
review the knowledge about many of these but many will remain unresolved.  Of these, a 
selected few of the more important ones, as well as potentially some new ones will be 
progressively dealt with in this literature review.  The first issue requires a definition of 
CSG and CSW. 
 
2.1.2 Definition of Coal Seam Gas (CSG) and Coal Seam Water (CSW) 
 
This section defines CSG and CSW more fully than previously in order that their 
relationship, means of production and use is better understood.   In Section 2.1 CSG was 
described as an unconventional gas because it is produced by unconventional means.  
Sometimes an increase in gas production is sought by hydraulic fracturing4.  Hydraulic 
fracturing of the coal seam is usually achieved by pumping large volumes of water and 
sand at high pressure down the well into the coal seam which causes the coal seam to 
fracture. The sand carried in the water is deposited in the fractures to prevent them closing 
when pumping pressure ceases. The gas then moves through the sand-filled fractures to 
the well. 
  
                                            
4 This is a controversial practice which is not known to be currently used in Queensland although it could potentially be used to extend 
the life of CSG wells in future. 
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A commercial operation needs the right combination of coal thickness, gas content, 
permeability, drilling costs (number of wells, seam depth and coal type), the amount of 
dewatering required to allow gas flow and proximity to infrastructure (Geoscience 
Australia, 2015). 
 
In the US, most reporting of water produced from coal bed methane (which is the same as 
coal seam gas in Australia) comes under the category of produced water or associated 
water.  Produced water is water which is found in the same formations as other 
hydrocarbons such as oil and gas.  When the oil and gas flow to the surface, the produced 
water is brought to the surface with the hydrocarbons. Produced water contains some of 
the chemical characteristics of the formation from which it was produced and from the 
associated hydrocarbons. Produced water may originate as natural water in the formations 
holding oil and gas or it can be water that was previously injected into those formations to 
increase hydrocarbon recovery. In some situations additional water from other formations 
adjacent to the hydrocarbon-bearing layers may become part of the produced water that 
comes to the surface due to the connectivity between various aquifers (Veil J, 2015). 
 
As described in the Background, water is found associated with gas (mostly methane) in 
most coal seams around the world (Khan S and Kordek G, 2014).  The CSW salt 
composition varies according to various factors such as the physical and chemical 
properties of the coal, the geographic location, geologic formation, type of hydrocarbon 
being produced, and the lifetime of the reservoir (Clark C and Veil J, 2009). 
 
According to Clark and Veil (2009), in the initial stages of oil production its volume is high 
relative to water production. As the age of the well increases, oil production decreases and 
water production increases. When the cost of managing produced water exceeds the profit 
from selling the oil, production is terminated and the well is closed. This is the opposite of 
the typical CSG well. Initially CSG wells produce large volumes of water, which peak then 
decline over time (typically ceasing after 20 years). CSG production is initially low, 
increases over time to a peak, and then decreases while the cost of managing CSW also 
decreases over time (CSW production often ceasing well before CSG production ceases).  
 
Because the US reporting system differs from that in Australia it is sometimes 
difficult to know if  the definition of produced water from the coal bed methane 
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industry is exactly the same as CSW in Australia although they seem very similar.  
In Queensland, coal seam water is often referred to as associated water.  
Associated water is defined as; 
 
“underground water taken or interfered with, if the taking or interference happens during 
the course of, or results from, the carrying out of another authorised activity under a 
petroleum authority, such as a petroleum well, and includes waters also known as 
produced formation water. The term includes all contaminants suspended or dissolved 
within the water” (Department of Environment and Heritage Protection, 2014c). 
 
The amount of water produced per well for a given level production of gas can vary 
considerably from well to well and from one producing coal seam to another.  Generally, 
CSG companies will aim to extract as much gas per well as possible with as little 
associated water as possible.  This is because the treatment and disposal of this water is 
significant and this will affect the profitability of the gas company. 
 
2.1.3 Beneficial Use 
 
Because the production of CBM first arose in the US in the 1980s (Merriam D, 2009) it 
appears the term “beneficial use” of associated water began there.  The problem is that 
there is no clear or legal definition in operation in the US although the term has generally 
come to mean provision of water by one party for the benefit of another.  What constitutes 
a benefit and under what condition appears to vary considerably between states.  A 
summary of recognised beneficial uses in the states of Colorado, Montana, New Mexico 
and Wyoming is provided in Table 1. 
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Table 1: Summary of recognised beneficial uses in Colorado, Montana, New Mexico, Utah 
and Wyoming, US, 2015. 
 
Source: (Colorado School of Mines, 2015) 
 
In most cases, US state regulations do not require associated water to be used 
beneficially, but instead mandate water quality standards specific to individual states 
(Interstate Oil and Gas Compact Commission and ALL Consulting, 2006).   Table 1, shows 
that if permitted, there is a very large range of possible uses of produced water for 
beneficial use in various US states including release of water to permanent or ephemeral 
streams.  It shows there is no uniformity of legislation and regulation between states.  
Release to stream, however, requires that the water is of sufficient quality prescribed in 
legislation (Colorado School of Mines, 2015).  
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Hence, the determination of a specific beneficial use approval in the US depends on the 
state jurisdiction in question and the circumstances of each case.  As such there is no 
clear definition for beneficial use of water from coalbed methane (CBM) production in the 
US.  
 
This is not the case in Australia.  The range of beneficial use categories permitted in the 
US is not allowed in Australian jurisdictions including release to stream. For instance, 
release to stream is considered to be a disposal method not beneficial use.  Stream 
release in Queensland is only allowed as a temporary permit provided a long term 
alternative is intended (Department of Environment and Heritage Protection, 2015).  
Under the Department of Environment and Heritage Protection Coal Seam Gas Water 
Management Policy of 2012 “disposal to watercourses will only be considered for residual 
portions of CSG water where there is no feasible beneficial use, and disposal options will 
not adversely affect environmental values” (Department of Environment and Heritage 
Protection, 2012). 
 
In Queensland, the definition of beneficial use of associated water (including coal seam 
water) is defined by the Department of Environment and Heritage as water which is 
“reused or recycled as a resource” (Department of Environment and Heritage Protection, 
2014c). 
 
CSW is defined as a “waste product” under the Environmental Protection Act 1994 this 
means that it cannot be released to surface water except if it is treated to strict quality 
standards and then it can only be released under strict and temporary licence. Also 
policies set by the Queensland Department of Infrastructure and Planning in 2009 state 
that “evaporation ponds are to be discontinued as a primary means of disposing of CSG 
water” (Department of Infrastructure and Planning, 2009).  
 
This means that the definition of beneficial use in Australia and the US is quite different 
with the former being far more restrictive in terms of what can be classified as beneficial 
use.  This would suggest that the beneficial use rates in the US should be larger than they 
are in Australia but on the same definition this is not the case. 
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The beneficial use rates in the US could be explained by the relative abundance of water.  
This is shown in Table 2.  Of special interest is that while the total quantum of CBM 
produced water in the US is 245 times that of Australia this only translates into a little over 
twice the beneficial use.  This is an overstatement of the difference because the US 
includes re-injection and stream release in their beneficial use figures.  When the amount 
of CSW and CBM produced water used in irrigation is compared, Australia delivers 5 times 
the amount for this purpose compared with the US. 
 
Table 2: Australian versus US water supply and per capita water consumption, 2012. 
 
Water data Australia (GL) US (GL) 
Total water available 20,000 490m 
Groundwater  5,000 30m 
CSW/CBM 100 24,490 
Beneficial use CSW/CBM 85 180 
Irrigation CSW/CBM 70 14 
Percentage groundwater 25 6 
Per capita total water 0.0009 1.6 
Ratio of total water 0.00004:1 24,500:1 
Ratio of per capita supply 0.0006:1 1,778:1 
   
Source; (Australian Bureau of Statistics, 2014b, US Department of Commerce, 2013). 
 
2.1.4 Sustainable agriculture 
 
Defining sustainable agriculture is important to this thesis because the impact of the CSG 
industry and its concomitant production of CSW is said to impact sustainable agriculture 
(Tree Crop Technologies P/L, 2013).  Unfortunately, there is no clear definition of what 
sustainable agriculture means. The concept of sustainability is derived from the concept of 
Ecologically Sustainable Development (ESD) which was widely described following the 
World Convention Strategy (WCS) (Reid D, 1995).  It was earlier defined by the 
Brundtland Commission in Our Common Future (Brundtland G and Hawke B, 1990).  The 
most commonly quoted definition of sustainable development comes from the Brundtland 
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Commission’s Report where it is described as “…development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs” 
(Brundtland G and Hawke B, 1990).  
 
This is interpreted to mean that economic development, including agricultural 
development, should meet the needs of current and future generations while at the same 
time protecting the environment now and for the future.  The principles contained within 
ESD as the foundation for dealing with the problems of achieving sustainable development 
can be found throughout Australian legislation and regulation.  In Queensland at the 
regional level these principles are incorporated in the Sustainable Planning Act 2009 
where industry proponents and local governments are required to produce planning 
schemes consistent with this Act and meet the requirements of ecological sustainability 
(Department of Environment and Heritage Protection, 2014e). 
 
Consistent with this, “triple bottom line reporting” is an activity that is widely used by the 
Australian public and private sectors as an accounting approach to demonstrate 
sustainability.  This means describing an activity or business as having lasting economic, 
environmental and social benefits without detriment to future generations.  Unfortunately 
few activities are capable of demonstrating this in the purest sense as many activities carry 
some detriment of one form or another and yet could still be described as being 
sustainable.   
 
For several years many commentators have claimed that much economic development 
around the world is unsustainable (Visser W, 2009).  They have stated that current rates of 
extraction of many raw materials cannot be sustained because their availability is rapidly 
declining.   Some forms of resource extraction and agricultural production are more 
sustainable than others. This depends on how wasteful they are in the amount of 
resources they consume.   As with mines, farms may be wasteful in the consumption of 
resources in their operation and in their ongoing maintenance which lends to 
unsustainable production.  For instance the machinery used may be inefficient because of 
its consumption of fuel and this could lead to unprofitable and unsustainable practice. 
 
Regardless of these inefficiencies in resource use it should be acknowledged that 
agricultural production in developed countries is generally highly efficient and productive 
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relative to the resource inputs.  This intensive land use often carries with it undesirable 
impacts on the environment such as impacts on biodiversity, soil condition, water quality 
and other impacts which can affect sustainable production levels in agriculture. 
 
In other words, the definition of what constitutes sustainable agriculture requires a 
comprehensive evaluation of a particular industry’s impact on the environment including 
destruction of habitat (eg tree clearing, soil erosion, weeds and feral animals), biodiversity, 
use of fertilisers and chemicals (Pretty J, 1995).   Therefore, while there is extensive 
knowledge about how to achieve high levels of sustainable agricultural production there 
are some aspects of production which are not ideal, one of which is the conservative and 
sustainable use of groundwater resources. 
 
Therefore sustainability is an important criterion to establish whether CSW should be used 
in agricultural production because sustainability is frequently regarded as an important 
requirement to be satisfied before recommending whether a particular development should 
take place or not.   It is a term used synonymously with the term sustainable development 
(Ross J, 2009).   
 
Water supply and its sustainable extraction is particularly relevant in the Australian 
environment with its history of rainfall variation and climate (McKeon G, 2006). This is one 
reason why the beneficial use of CSW is closely monitored (Office of Groundwater Impact 
Assessment, 2012). 
 
One of the definitions of sustainability is that resources should be used to maximum 
benefit and be regenerated in order to be preserved for future generations.  The extraction 
of CSW is problematic in this sense because once removed from an aquifer it may be a 
very long time before it is replenished.  In the case of the gas which is extracted it will 
never be replenished, although small amounts of biogenic methane may gradually build 
up.  Clearly the gas extraction is not sustainable as once it is removed and used it will 
cease to be a source of energy supply. However, the same should not be said of the water 
extracted at the same time for several important reasons.   
 
There are two main reasons why the extraction of CSW can be considered sustainable. 
Firstly, it is reported that the coal seams which contain water will never be entirely 
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depressurised.  In fact, it is reported that some 80 percent of the water will remain in the 
aquifer and this will replenish naturally over time (this may be a very long time) (Herczeg A 
and Love A, 2007).  Secondly, the water which is removed from this aquifer should be 
regarded as “new water” for potential consumption as this water would not normally be 
extracted given its quality and the fact that it is not from a highly permeable water 
aquifer.  In the case of agricultural consumption much of this water (at least 50 percent) 
will filter slowly back down through the soil and eventually replenish and add to the 
underground water table.  In this way a significant percentage5 of the water could 
ultimately be recycled and would form an additional water supply which was not previously 
available6.  In this sense some of this water is providing a new and sustainable supply of 
water.  
 
Other requirements for sustainability such as the need to ensure the environment is not 
adversely affected is particularly relevant with the industry’s need to dispose of unwanted 
brine and salt removed as part of the CSW treatment process.   The issue of salinity and 
salt disposal and its impact on sustainable agricultural production is covered in the Section 
2.4. However, sustainable agriculture is not just an environmental issue is also has 
economic and social dimensions.  These are discussed in more detail under sustainable 
water production in Section 2.8. 
 
It can be concluded that the important issue of sustainable irrigation from groundwater can 
achieved provided recharge exceeds extraction.  APLNG (2014) claims in Section 2.3.1 
(Figure 6) that recharge rates in the GAB exceed extraction rates from all users by about 
300 GL/yr.  However, in the case of the Surat basin, this will not be recharged for possibly 
80 years after the cessation of the CSG industry (Office of Groundwater Impact 
Assessment, 2012).  This of itself may not be a sufficient reason to question the validity of 
this industry but it does imply the need for careful and considered management.  The 
responsibility for this falls not just on the CSG industry but all relevant stakeholders.  This 
issue is revisited in Section 2.9 which aims to describe this as a research gap and the 
basis for particular research questions. 
                                            
5  The exact amount is not known, figures vary from 10 to 50 percent 
6  This is only true if it is filtering down to an aquifer that is being accessed for groundwater extraction – aquitards may prevent the water 
reaching an aquifer that  is a stock, domestic or irrigation water source, or it might just go to one that is not accessed 
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2.1.5 Global CSG production  
 
It is important to review trends in global CSG production because this has a direct bearing 
on CSW production which is the subject of this thesis.  Research suggests that the global 
CSG production will continue to grow at least until 2020.  A recently released report shows 
that depleting conventional natural gas reserves will likely lead to increased production 
and use of unconventional gas sources such as CSG, shale gas and tight gas (Sommerset 
Coal International Pty Ltd., 2016).  The report claims that recoverable unconventional 
sources of gas, including CSG are much larger than the conventional natural gas 
resources, and this will help drive the industry. 
 
The CSG market will reach US$17.31 billion by 2020, growing at 5.9% from 2014 – 2020. 
In 2013, global CBM production stood at 90M cu m.  This figure is expected to reach 
130,000 billion cu m by 2020, growing at 7% pa from 2014 to 2020 (Sommerset Coal 
International Pty Ltd., 2016). 
The US currently dominates CSG production, accounting for 61.8% of total CSG produced 
globally in 2013. Canada follows in the global market, accounting for 11.5% of total 
production in 2013. The growth of North American market is primarily driven by the 
growing demand for sustainable fuel in the country and in order to reduce reliance on 
conventional sources of natural gas. 
However, in the Asia Pacific region including, China, India, Indonesia and Australia are 
expected to be the fastest growing CSG producers at an estimated 14.9% from 2014 to 
2020. In China, the Chinese Ministry of Land and Resources has announced plans to 
produce 16 billion m3 of CSG by 2015 (Sommerset Coal International Pty Ltd., 2016). 
There are no figures for global CSW production although this could be estimated as a 
percentage of gas production.  This estimation would be subject to a large margin of error 
because no two coal seam have exactly similar CSW to CSG production profiles (see 
Section 2.1.5). 
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2.1.6 US Experience 
The US is by far the largest CSG producing country in the world and it has been producing 
for the longest time.  It also has very large reserves of about 1,700 trillion cu ft (60 trillion 
cu m) and is the largest world producer 61 billion cu m per year.  Consequently, the US 
dominates this industry in terms market pricing and technical developments.  For this 
reason the US experience in CSG and associated water production is very pertinent. 
(AL-Jubori A et al., 2015). According to Clark & Veil (2009), there was 2.2M GL of 
produced or associated water from the US oil and gas industry in 2007 per year (Clark C 
and Veil J, 2009). Produced water from these industries includes flow-back water which is 
injected to improve hydrocarbon recovery.  Annual produced water had increased to 2.6m 
GL by 2012 (Veil J, 2015) and of this 2.4m GL was managed for disposal by various 
means as shown in Table 3.    
Table 3: Percentage disposal of US hydrocarbon produced water, 2012. 
  
Injection for 
enhanced 
recovery 
(‘000 bl/yr) 
(GL/yr) 
 
Injection for 
disposal 
(‘000 bbl/yr) 
(GL/yr) 
 
Surface 
discharge 
(‘000 bbl/yr) 
(GL/yr) 
 
Evaporation 
(‘000 bbl/yr) 
(GL/yr) 
 
Offsite 
commercial 
disposal 
(‘000 bbl/yr) 
(GL/yr) 
 
Beneficial 
reuse 
(‘000 bbl/yr) 
(GL/yr) 
 
Total 
produced  
water 
managed 
(‘000bbl/yr) 
(GL/yr) 
 
Onshore 
total 
 
9,225,152 
1,100,013 
 
7,947,716 
947,691 
 
606,129 
72,275 
 
691,142 
82,412 
 
1,373,131 
163,733 
 
125,737 
14,992 
 
19,968,007 
2,380,998 
 
% 
 
46.2 
 
39.8 
 
3.0 
 
3.5 
 
6.9 
 
0.6 
 
100.0 
 
Offshore 
total 
 
62,703 
7,477 
 
62,703 
7,477 
 
515,916 
61,518 
 
0 
0 
 
0 
0 
 
0 
0 
 
641,322 
76,477 
 
% 
 
9.8 
 
9.8 
 
80.4 
 
0 
 
0 
 
0 
 
100.0 
 
Gas 
sector 
 
1,114,542 
132,898 
 
961,243 
114,619 
 
134,525 
16,037 
 
82,937 
9,889 
 
164,775 
19,647 
 
15,088 
1,799 
 
2,473,112 
294,895 
 
 Oil  
sector 
 
8,173,312 
974,591 
 
7,049,120 
840,541 
 
986,519 
117,609 
 
608,204 
72,522 
 
1,208,355 
144,085 
 
110,648 
13,192 
 
18,136,161 
2,162,567 
 
US total 
 
9,287,855 
1,107,490 
 
8,010,364 
955,161 
 
1,121,045 
133,647 
 
691,142 
82,412 
 
1,373,131 
163,733 
 
125,737 
14,992 
 
20,609,274 
2,457,463 
 
% 
 
45.1 
 
38.9 
 
5.4 
 
3.4 
 
6.7 
 
0.6 
 
100.0 
 
Source: (Veil J, 2015) 
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This table shows there were 31 states in the US producing associated water with Texas 
producing nearly half the volume in 2012 (Veil J, 2015).  It also shows that of onshore 
activity in 2012, 84% of produced water was re-injected with most used to enhance 
hydrocarbon recovery, 5.4% was discharged to stream, 3.4% was for evaporation, 6.7% 
commercially disposed but only 0.6% or 15,000 GL was beneficially used.  In the case of 
offshore activity most was disposed of directly to the ocean.  It needs to be remembered 
that this is untreated associated water.   
 
CBM production represented about 10% of all gas production in 2012 (Americal Energy 
Innovation Council, 2014).  The water recovery for CBM is generally greater than the rate 
for other gas but the average industry standard is 97bbls per Mmcf (15 thousand litres per 
28 thousand cubic metres) of gas and as a result this rate is used (Veil J, 2015).   
Therefore, the amount of water from CBM would equate to about 180 GL per year. On this 
basis, the total quantity of produced water from CBM which is used beneficially is about 
double that of Queensland.  However, as shown in Figure 3, only about 8% of this is used 
in irrigation (which is much less than in Australia). As a percentage of all water used for 
irrigation in the US the figure is extremely small.  Figure 3, represents 98% of treated CBM 
water in the US, which shows the percentage disposal options for this water. 
 
 
Figure 3: US percentage disposal of CBM water, 2003. 
Source: (Mickley M, 2009) 
 
45 
27 
13 
8 
4 
0
5
10
15
20
25
30
35
40
45
50
 Percentage disposal
  
44 
 
This could be considered to be a large lost opportunity in the US given the amount of 
water that is available.  This relatively small proportion (8% used in irrigation) is surprising 
when data suggests this is a cheaper disposal option than others available (Mickley M, 
2009).  According to the Technology Subgroup (2011), the main reason for this is that 
petroleum producers in the US consider the risks of litigation outweigh potential cost 
savings (Technology Subgroup of the Operations & Environment Task Group, 2011). 
 
Disposal of RO treated CBM water in the US has been comprehensively reported.  Based 
on a major government report there were 234 desalination plants treating CBM water 
throughout the US in 2003 (Mickley M, 2009). Most of these are municipal sewerage 
treatment plants with most of their treated water being disposed of in streams or ocean 
out-fall.  This means there has not been a coordinated effort to beneficially use this water 
for irrigation. 
 
2.1.6.1 US CSG and CSW comparison with Australia 
 
It is not known how the Australian community and government would react should similar 
disposal options be proposed for treated CSW in Australia.   In an Australian context, 
these percentages (high level of disposal to surface water) would be expected to represent 
a high level of environmental risk given the sensitivity of water issues and the inability to 
dilute this water from other sources.   While there are environmental concerns about the 
safe disposal of CSW this seems to have reduced as an issue in Queensland possibly as 
a result of strict environmental controls with the intent to use as much of this water 
beneficially as possible.  This impetus has come from industry itself and through enabling 
legislation which requires either the safe disposal or the conversion of this water into a 
resource via the beneficial use provisions under the Waste Reduction and Recycling Act 
2011. 
   
The other concern in Australia regarding these disposal percentages is that because of the 
shortage of water in Australia the low level of beneficial use at only 8% would probably be 
considered wasteful.  However what level of beneficial use is achievable and who should 
pay to achieve this is unknown.  The answer to this question is likely to be a combination 
of physical and economic constraints on CSG companies, willingness, ability and 
incentives for agricultural users and environmental considerations. 
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Total water consumption in the United States (US) in 2010 was about 490m GL/yr (US 
Department of Interior, 2014).  This compares with Australia consuming 15,000 GL/yr in 
2012 (Harrington N and Cook P, 2014).  Therefore Australia’s consumption was 0.003% of 
US consumption.  Australia’s use of groundwater was 5,000 GL/yr or one third of total 
water supply although in some places such as the Northern Territory it is 90%.  In the US, 
groundwater represented 21% of total consumption.  About 60% of all water is used for 
irrigation in both countries (Harrington N and Cook P, 2014, US Department of Interior, 
2014). 
 
US per capita water consumption for all uses was 1.56 GL per year in 2012 (US 
Department of Commerce, 2013).  This compares with Australian consumption at 880 kl 
per capita per year in 2012 (Australian Bureau of Statistics, 2014b).  This represented 
0.06% of US per capita consumption which describes the relative abundance of water in 
the US compared with Australia.  This may in large measure explain why the beneficial 
use rates for CBM in the US, relative to CSW in Australia, is so much lower.  This 
demonstrates that there is a much greater supply of clean water available for irrigation in 
the US compared with Australia that the pressure on water resources is far less in the US 
compared with Australia. These comparisons and their possible explanation for differing 
beneficial use rates for CBM versus CSW between the US and Australia is shown in Table 
2 (Section 2.1.2). 
 
About 20% of all groundwater produced in the US comes from hydrocarbon produced 
water (US Department of Interior, 2014, Veil J, 2015).  Of the hydrocarbon produced water 
about 15% of this comes from the CBM industry (Veil J, 2015) and because the US has 
been producing CBM associated water since the 1980s it is worthwhile comparing their 
experience with that of the CSG industry in Australia. 
 
Interestingly, reuse of hydrocarbon produced water represents a tiny fraction of water use 
in the US. However only a small proportion, about 15% in 2000, of groundwater is used for 
irrigation, livestock water and aquaculture (Hutson S Barber J Kenny K Linsey D Lumia M 
and Maupin M, 2004).  Reasons given for this not being larger is the relative abundance of 
other freshwater supplies and the salinity of the groundwater being unsuitable for irrigating 
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crops. Another concern given is that produced water is sodic, which refers to the amount 
of sodium in the water (Clark C and Veil J, 2009). 
 
2.1.7 CSG Industry in Australia 
The purpose of this part of the literature review is to give a brief description of the CSG 
industry in Australia in order to show that this is a major industry which will continue for at 
least the next 40 years and with it continue to produce significant quantities of co-produced 
water which can be used in agricultural production.  From Figure 4, it can be seen that the 
oil and gas resources of Australia are extensive.  CSG is currently only produced in the 
Bowen and Surat basins Queensland and the Sydney basin in NSW although there is 
potential production from other basins in all states and territories except the ACT 
(Productivity Commission, 2013). 
 
 
Figure 4: Australian oil and gas facilities. 
Source: (House & Land Solutions, 2014) 
 
The amount of coal seam gas production in Australia has increased from one PJ in 1996 
to 240 PJ in 2010-11, around 10 per cent of Australia’s total gas production (Geoscience 
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Australia, 2014a). Of the 2010–11 production of CSG, Queensland produced 234 PJ (or 
97 per cent of total) from the Bowen (121 PJ) and Surat (113 PJ) basins.  In comparison, 
New South Wales produced 6 PJ (or 3 per cent of total) in 2010 - 11 from the Sydney 
Basin (Geoscience Australia, 2014a). 
 
Figure 4 shows that currently CSG is about 11% of the total Australian gas supply. Gas 
supply is generally considered to remain stable for the next 20 years in absence of major 
production potential from shale gas reserves.  Most CSG production is expected to come 
from the Bowen/Surat basins, which will supply the majority of gas for liquid natural gas 
(LNG) production for export.  CSG production is expected to increase from about 230 
petajoules (PJ) in 2014 to 2,250 PJ in 2023 (Intelligent Energy Systems Pty Ltd, 2013). At 
this time, CSG is expected to represent 55% of Australian gas production. 
 
 
 
 
Figure 5: Australian energy flows, 2014. 
Source: (Geoscience Australia, 2014a) 
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2.1.8 CSG Industry in Queensland 
 
The CSG industry is expected to generate 18,000 jobs, increase gross state product by 
over $3billion and provide $850million in royalties annually (Department of Natural 
Resources and Mines, 2015).  The proportion of this which can be attributed to CSW 
production is not known but given that a large part of the economic contribution comes 
from the construction phase (rather than the subsequent operational phase) and most 
companies have built expensive treatment plants the total impact would be substantial.   
An estimate of the costs of these treatment plants is included in this research which 
provides a guide to the scale of the contribution (see Section 2.7.1).  The proportion of 
economic activity which is attributable to irrigation from CSW is also not published but this 
research provides an estimate in Chapter 4.  
 
From Figure 1 in the Background, it can be seen that the CSG tenements cover a wide 
area of central and southern Queensland.  Within this area is the area around Chinchilla 
which is the study area of interest.  The tenements in this area are listed in Table 4 which 
represents about 20% of all CSG tenements in Queensland.  Nearly half of these currently 
have producing gas wells. 
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Table 4: Study area company tenements. 
 
Reference Company Tenement Name Tenement 
Number 
Area (sq km) 
AppendixA 
Figure 1A 
APLNG Condabri7 PL267, ATP702  
 APLNG Talinga PL 226  
 APLNG Orana   
 Origin Ironbark   
AppendixA 
Figure 2A 
QGC Bellvue PL247  
 QGC Berwyndale PL211  
 QGC Berwyndale Sth ATP632  
 QGC Matilda-John ATP620, PL263  
 QGC Lauren PL180  
 QGC Codie   
 QGC Kate PL226  
 QGC Kenya   
 QGC Argyle PL179  
 QGC Kenya East, 
Jenmat, Owen 
PL276  
 QGC Avon Downs PLA472  
 QGC McNulty PLA458  
AppendixA 
Figure 3A 
Arrow  PLA185 236 
 Arrow  ATP747 3,553 
 
Source: (Arrow Energy, 2014a, QGC Pty Ltd, 2013b, APLNG Pty Ltd, 2012). 
 
Having discussed broad issues about CSG and CSW production in Queensland and 
overseas, the next section provides a brief discussion into the subject of irrigation in 
                                            
7  An added difficulty for calculating water volumes supplied is that on the ground survey by the author revealed that there appear to be some QGC wells in the Condabri 
tenement which are presumably leased from APLNG. 
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Australia.  The purpose of this is to highlight this as an opportunity for beneficial use of 
CSW. 
2.1.9 Irrigation in agriculture 
 
This study focuses on irrigation activities on the Western Downs which is described in 
Section 2.3.4 (also see Figure 20 in Chapter 3).  However, in this part of the literature 
review, irrigation in Australian agriculture is reviewed more broadly in order to draw 
implications for the Western Downs. 
 
Australia's total agricultural water use for 2012-13 was 11.9 million ML, which was 2.9 
million ML (32%) more than in 2011-12 (Australian Bureau of Statistics, 2014a). More than 
two-thirds (72%) of this use was in the Murray-Darling Basin, which amounted to 8.6 
million ML.  The states using the most water were New South Wales with 5.2 million ML, 
followed by Queensland and Victoria each with 2.6 million ML. Water applied for irrigation 
accounted for 93% of total agricultural water use nationally in 2012-13 (Australian Bureau 
of Statistics, 2014a). 
 
In 2006 -07, Queensland used a total of 2,084 GL of water for agricultural production and 
of this 88% (1,840 GL) was used for the irrigation of pastures and crops and 12% (244 GL) 
was used for other agricultural purposes such as stock watering and the cleaning of dairies 
and piggeries (Australian Bureau of Statistics, 2008). 
 
The State which contributed the most to the value of irrigated production in Australia 
during 2006-07 was Queensland - $3,520 million or 29% of total gross value of irrigated 
agricultural production (GVIAP) (Australian Bureau of Statistics, 2009). 
  
2.2 CSW production and consumption in Queensland 
 
Based on US data, the proportion of water produced per well averages only about 0.2% by 
volume8 although there is considerable variation from almost nil up to 5% (Guerra K et al., 
2011).  However based on modelling of Queensland production (Klohn Crippen Berger, 
                                            
8 As a percentage of the total volume of both water and gas. 
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2012) the total volume of water produced over the 40 years of CSG water production over 
the entire Queensland production area is still significant and could theoretically increase 
total irrigation by up to 50% in some areas based on water usage (Australian Bureau of 
Statistics, 2014a).   
 
If all of the CSW peak production (170 GL/yr or 8% of total annual agricultural water 
usage) could be directed to productive irrigation it would theoretically add up to an 
additional $287 million (2006 - 2007 estimate) contribution to the annual GVIAP based on 
pro rata returns per gigalitre (Australian Bureau of Statistics, 2008). 
 
Cumulative water production and annual water production forecasts (Keir et al., 2013) for 
the entire Surat and Bowen basins to 2060 are shown in Figures 6 and 7. 
 
 
Figure 6: Annual CSW cumulative production forecasts  
 
Figure 7: Annual CSW production forecasts  
Source: (Keir et al., 2013) 
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In excess of 90 percent of Australia’s supply of CSG co-produced water will be produced 
in Queensland at about 75 – 125 Gl/year. This will result in a cumulative production of 
about 5,000 Gl by 2060 (Keir et al., 2013) although some estimates put this as high as 
11,200 Gl in the same time period depending on the volume of gas produced (Kaye L et 
al., 2012).  Peak production is thought to occur in 2030 at around 170 Gl/year with a fairly 
rapid drop to near zero by 2060 (Keir et al., 2013).  Average annual production is 
estimated at 100 GL/yr which is quoted throughout this thesis.  This represents about 2% 
of all annual groundwater consumed in Australia (Harrington N and Cook P, 2014). 
 
Clearly, this is a significant amount of water which would have considerable potential for 
creating a sustainable agricultural industry.  To put this in perspective the current irrigation 
water use in the Surat and Bowen Basins is about 250 Gl/year (Kaye L et al., 2012) so 
CSW has the potential to add at least another 50 percent to current production and 
consumption in these areas and 8% overall to Queensland. These figures are not 
specifically of interest to the study area but they are useful to provide a better 
understanding of the size of the industry and regional context. This thesis requires the 
estimation of the CSW production for Chinchilla which is provided in the next section. 
 
It should be understood that the estimate of the amount of CSW produced in the Surat 
CMA varies considerably between different authoritative sources.  This is summarised in 
Figure 8.  For the purposes of this research the figure of 100,000 ML/year has been 
chosen on the basis that it is well supported by relevant reports (Klohn Crippen Berger, 
2012, Strand R et al., 2013, Keir et al., 2013).  If plant capacities are used (Section 2.2.2) 
this figure could be much larger. 
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Figure 8: Various estimates of CSW production in Surat CMA 
Source: (Office of Groundwater Impact Assessment, 2012, Keir et al., 2013) 
 
While the potential quantity still remains to be resolved there are still a large number of 
other issues to consider in the use of CSW, such as how much of the CSW can practically 
be used in agriculture, where and how this will affect current water supplies from other 
sources and how it will be used to best effect in which places and on what soil types.  Of 
particular interest is how much of this can be used for sustainable agricultural production, 
who many producers and of what under what conditions are they likely to adopt its use, 
what agricultural purposes it could be used to greatest advantage and for how long. 
 
Some of these questions were posed in a study by PSI Delta (2010).  Throughout this 
study, water demand was defined as “the volume of water for which there is an existing, 
developed use at any point in time, including the availability of farm infrastructure, 
industrial facilities and urban development” (PSI Delta Pty Ltd, 2010). This definition of 
demand differs from growth potential, which may be substantially higher depending on the 
factors restricting actual development, such as water and land availability. For this reason, 
the full potential of CSW use was not measured although its potential for use as a 
replacement for existing more expensive supplies and for new enterprises can be inferred. 
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A key issue identified in the PSI Delta Pty Ltd (2010) report is the issue of excess demand 
for water from competing users. Major users were divided into two parts one dealing with 
Non-Urban Demand and the other dealing with Urban demand.  There was also a 
Summary Report was prepared which discussed overall demand.  The conclusion being 
that there is significant excess demand for water which is increasing in time with the 
consequence that any substantial increases in water supply will be absorbed mostly by the 
user willing to pay the most.  Among those most willing to pay will be power generators, 
urban residences and businesses.  However the excess supply is variable for geography 
and there will be CSW available particularly in the Central-Northern Downs (PSI Delta Pty 
Ltd, 2010).  
 
A full discussion of the relevant parts of the Healthy Headwaters Efficiency Project (PSI 
Delta Pty Ltd, 2010) namely; Activities 6.7, 8.1, 8.2 and 8.3 is provided in Appendix K.  The 
importance of Activity 7 is that the report found demand for CSG water is likely to be 
limited by a number of key factors.  These include that the quality of the CSW makes it 
unsuitable for direct use and treatment costs are expected to be prohibitive for commercial 
sale to agricultural industries. It was found that even if treated CSW is offered to all 
potential users at an affordable price, there was limited capacity for most industries to 
accept significant volumes. The exception to this was found to be in the Central – Northern 
Downs subregion where there is a significant capacity to accept water on both a long term 
and a short term basis, due to the excess storage capacity and irrigable land available. 
However, it was found that treatment and transport costs remained an issue for the supply 
of CSW to all regions. 
 
The report also found that water use was sensitive to major changes in the economy and 
factors affecting industries, particularly development of the CSG industry. While every 
effort had been made to include the impacts of such factors in the range of results, it was 
thought possible that these impacts could be larger than predicted.  Also, as an indication 
of the potential that CSW could make to the water usage in key areas Kaye et al (2012)  
produced the following diagrams as in Figures 9 and 10, for the water balance in the 
Condamine-Balonne and Fitzroy catchments. 
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Figure 9: Condamine-Balonne Catchment 
 
 
Figure 10: Fitzroy Catchment 
Source: (Kaye L et al., 2012)) 
 
From these figures, it can be seen that CSW production could significantly address the 
unmet the water consumption needs into the future for agriculture and mining in the 
Condamine-Balonne and Fitzroy catchments which lie primarily in the Surat and Bowen 
basins.  The precise nature of this and its sustainability is to be determined as part of work 
of this thesis. 
 
Militating against sustainability is the fact that government and industry have 
acknowledged that the extraction of CSW is reducing the levels of water in some adjoining 
water producing aquifers thus reducing the potential for agricultural production 
(Department of Environment and Heritage Protection, 2012, Office of Groundwater Impact 
Assessment, 2012).  While this has been disputed (Finlay B, 2010) there have been a 
occasions where “make good” provisions have been required (Section 2.3.2) but  the total 
number of provisions and their distribution is discussed.  The prevalence and extent of 
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this, and the total and long-term impacts are yet to be determined but this is already the 
focus of considerable research (Department of the Environment, 2010). 
 
While this information will be important to include among the positive and negative impacts 
from CSG production and this could have implications for sustainability of affected 
industries such as agriculture.  This thesis will focus on these impacts.  From initial 
investigations (University of Southern Queensland, 2014) it seems the costs for 
compensation may not be large compared with the benefits but there is no published data 
on which to base this claim.   It seems, however, that there are indisputable benefits to be 
had from the water availability balance as shown in Figures 9 and 10.   The location of the 
water availability will be critical to successful use.  It may be that this offset will be in areas 
least affected by drawdown and CSG companies could transport water to those most 
affected although there are currently no proven strategies for achieving this. 
 
2.2.1 Chinchilla Study Area 
 
The purpose of this section is to define the geographical boundaries, demographics, 
number and type of properties, description of the soils, land use potential and the amount 
of available and potential water including CSW for irrigation within the study area.   
 
For the purposes of defining the study area the one chosen will be based on the CSG 
tenement areas and the land use potential where CSW can be effectively used for 
irrigation from these tenements. The area chosen is bounded by the Statistical Local Areas 
(Level 2 – SA2) of Chinchilla, Miles and Tara as these encompass the tenements of the 
CSG tenements of the three major companies operating between the townships of 
Chinchilla and Miles in the north and Tara in the south.  These companies are QGC, Origin 
(APLNG), and Arrow with the former two producing the most gas and water to date.  The 
extent of company tenements within the study area are shown in Figure 26, Figure 27 and 
Figure 28 in Appendix A. These tenements are listed for each company in Table 4 (Section 
2.1.7). 
 
In regard to the number and types of properties in the area this information could not be 
readily found from published data.  The property boundaries are available from the 
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Queensland Globe (www.dnrm.qld.gov.au/mapping-data/queensland-globe) and are 
shown in Figure 31 in Appendix C.  These are correlated with land use types as shown in 
Figure 32 in Appendix C.  Data regarding property size and land use has also been 
obtained directly from Local Shires, Australian Bureau of Statistics, the Electoral 
Commission, Agforce and SunWater. 
 
Table 5, shows that the study area covers 33,000 km2 or about 2% of Queensland’s land 
area and yet it only contains 0.003% of Queensland’s population.  This means that the 
area is even more sparsely populated with only 0.47 people per square kilometre 
compared with Queensland which has 2.69 people per square kilometre. The area is 
cooler with an average daily temperature range of 12.6 to 26.9 oC compared with 
Queensland (16.4 to 30.0 oC).   
 
Table 5: Study area statistical local areas (SLAs) 
 
SLA 2 Area (km
2
) Population9 % Pop. of 
Qld 
Temperature10 Rainfall11 
(mm) 
Chinchilla 8,064 7,470 0.002 12.6 – 26.6 636 
Miles 11,862 3,867 0.001 12.8 – 27.3 620 
Tara 13,229 4,364 0.001 12.6 – 26.9 597 
Total 33,155 15,701 0.003 12.6 – 26.9 618 
 
Source: (Queensland Government Statistician's Office, 2014). 
 
Table 5, show that the study area receives less annual average rainfall of 618mm 
compared with Queensland which has 636mm and a drop from north (Chinchilla and 
Miles) to south (Tara) and east (Chinchilla) to west (Miles).   
 
Figure 35 (Appendix C), shows the rainfall isohyets (Maher J, 1996) for the study area.  
This shows that the rainfall rises from 550mm in the south to over 700 mm per annum in 
                                            
9  Estimated resident population as at 30 June 2013, based on 2011 Census. 
10  Average daily temperature range oC. 
11  Average annual. 
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the north of the study area.  This means that irrigating in the north would probably be able 
to utilise higher natural soil moisture levels and this would improve returns from irrigation 
especially when water is scarce. However on the basis of this level of rainfall variation 
across the study area this is not thought to be a major limiting factor. However what is 
limiting is the fact that most of this rain falls in the summer months when evaporation rates 
are the highest and it is highly episodic (Department of Science Information Technology 
Innovation and the Arts, 2012) meaning much of this rain could be lost to overland flow.  
On this basis irrigation water could be critical to crop survival in summer months and 
enable second and third crops to be grown throughout the year. 
 
There is considerable economic diversity between the populations of Chinchilla, Miles and 
Tara.  This is shown in Table 6.  
 
Table 6: Economic statistics for study area compared with Queensland, 2014. 
 
 Average 
Personal 
Income 
$/yr 
Low Income 
Families 
 
% 
Unemployment 
 
 
% 
Median House 
Price 
 
$’000 
Chinchilla 32,136 11.8 1.6 372 
Miles 27,144 18.6 1.2 390 
Tara 19,396 27.3 7.5 110 
Queensland 30,524 13.0 6.2 405 
 
Source: (Queensland Government Statistician's Office and Trade, 2014) 
 
Interestingly, there is a considerable diversity by employment sector for Chinchilla, Miles 
and Tara.  In Chinchilla 15.2% worked in construction followed by 12.6% in agriculture.  In 
Miles 32.6% worked in agriculture and 8.6% in construction.  In Tara 36.9% worked in 
agriculture followed by 8.4% in education.  Chinchilla showed the greatest diversity in 
employment by sector with Tara the least.  For Queensland the highest employment sector 
is health at 11.9% followed by retail trade at 10.9% in 2011 (Queensland Government 
Statistician's Office, 2014). 
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Figure 11, shows an aerial view of the study area taken in 2013.  This shows the 
townships of Chinchilla in the east and Miles in the west.  Figure 12, shows a closer aerial 
view of the Condamine River within the study area. This figure shows some irrigation 
centre pivots.  It would be possible to calculate the area of irrigation in the study area from 
these aerial views.  However to obtain source of water (including CSW) for this irrigation 
requires ground based correlation.  This is undertaken in the farm survey work described 
in the Results Chapter. 
 
 
Figure 11: Aerial view of study area 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
 
  
60 
 
 
Figure 12: Aerial view of Condamine River within study area 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
 
One way of obtaining the amount of CSW available in the study area would be to count the 
number of wells and multiply by the average production for wells in the Surat basin.  The 
current number of CSG wells, as at June 2014 from Queensland CSG Globe 
(www.dnrm.qld.gov.au/mapping-data/queensland-globe) are shown in Figure 33 in 
Appendix E.   
 
To obtain an accurate estimate of CSW well production in the area would require the age 
profile of these wells and projected well drilling.  This data is not provided by CSG 
companies.  The most reliable estimates for water production in the study area will come 
from published company data from processing plants in the area and correlating this with 
farm survey data (Chapter 4).  The CSG company processing plant water production 
figures are discussed in the next section. 
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2.2.2 CSW supply in the Study Area 
 
The first major supply of CSW to company and non-company properties in the study area 
came from QGC’s Kenya processing plant 35 km from Chinchilla.  The treated water from 
the Kenya processing plant is delivered via a 19 km pipeline to Chinchilla Weir as shown in 
Figure 37 in Appendix G.  As shown in Figure 38 in Appendix G, the Kenya water 
treatment plant can treat 92 Gl/year and supply up to 85 Ml/day of treated water to 
Chinchilla Weir.  What is of interest from this figure is that approximately 1500 Ml/yr is 
supplied to Kenya WTP from southern leases (south of Kogan) which are outside the study 
area.  This means that some of the water supplied to users in the study area could be 
sourced from as much as 100 km away. 
 
QGC's water supply management strategy for the Kenya WTP is provided through the 
Chinchilla Beneficial Use Scheme to SunWater Limited (SunWater, 2014a) as the 
manager of the scheme. This arrangement covers transportation, treatment of CSG water 
and discharge to the Condamine River at the Chinchilla Weir to supply local irrigators and 
supplement the water supply for the town of Chinchilla. 
 
The SunWater Beneficial Use Approval (BUA) (ENBU02701811) (SunWater, 2014a) 
authorises the beneficial use of up to 31,025 ML a year (85 ML/d) of treated CSW for 
agricultural production (irrigation and stock watering) and supplementary raw urban water 
supply to the town of Chinchilla. The water is managed by SunWater and used along the 
Kenya to Chinchilla Pipeline as well as the regulated section of the Condamine River 
(QGC Pty Ltd, 2013b). The annual amount of CSW supplied to Chinchilla Weir up to end 
June 2014 is shown in Table 7 (SunWater, 2014b). 
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Table 7: Total volume of CSW delivered to Chinchilla weir, 2014. 
Total volume of water ML 
Natural flow into Chinchilla Weir 133085 
Inflow from tributaries na 
Treated CSW for beneficial use released in 
Chinchilla Weir for downstream use 
4703 
Treated CSW for beneficial use from 
pondage of Chinchilla Weir 
2043 
Metered take of treated CSW for beneficial 
use 
5672 
Scheduled take of treated CSW for 
beneficial use 
6828 
Storage losses 6060 
Adjustment to apportion losses to scheme 
water account and treated CSW for 
beneficial use 
186 
 
Source: (SunWater, 2014a) 
 
From this table it can be seen that scheduled water supply for irrigation for CSW 
represents 22% of the total BUA approval for Chinchilla although only 18% of this was 
actually supplied.  However, compared with the total plant capacity for Kenya the 
scheduled supply would only represent 6%.  How much treated water was actually 
produced during this period and where it went is not known although a certain percentage 
would have been used on company farms and this probably would not be accounted for in 
the above figures. 
 
In the Sunwater (2014) report, it is interesting to note that of stream flow available from the 
Chinchilla Weir 3,392 ML was allocated out of 4,049 ML entitled to be taken by irrigators.  
There was also 1,130 ML available from seasonal flood flow.  This means that of 133,085 
ML natural flow through the Chinchilla Weir (Table 6) a total of 4,522 ML or 3% was used 
by irrigators.  Compared with this total CSW represented 4% however unlike the natural 
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flow the use of the remaining treated CSW produced by the Kenya plant is not known and 
its potential for downstream use is also not known.  
 
More recently, Origin on behalf of APLNG, is managing the Fairymeadow Road Irrigation 
Pipeline (FRIP) project.  Photos of this project are provided in Appendix F. This project 
supplies irrigation water from the Talinga and Condabri processing facilities to seven 
landholders on 13 properties.  The supply is 15 Gl/yr to be used on 4,000 ha of cropping 
land.  Most of this land was formerly dry-land cropping and grazing.  The water is supplied 
via a 22 km water distribution pipeline along Fairymeadow Road which ends approximately 
10 km from Miles (APLNG Pty Ltd, 2014b) . 
 
Much of the water for this project is stored in a 1,873 Ml dam located on the Monreagh 
property and this is pumped to participating properties via the main pipeline and various 
off-takes to individual property storages.  While this is not the first supply of CSW to 
properties in the study area this is the first major supply to participating landholders directly 
from a CSG company. On the basis of a projected supply of approximately 4.5Ml/ha/yr to 
about 4000ha of suitable irrigable land the entire supply of treated water from the Condabri 
and Talinga plants will be utilised.  The contractual conditions under which this water is 
supplied and the actual amount supplied is not known but it is thought interviews with 
participating properties will reveal this information and this will be important data for 
economic modelling purposes. 
 
Recent APLNG reports suggest that of 9 potential farms on Fairymeadow Road containing 
31 separate lots with 13 farms owned by 7 farmers chose to accept the water allocations 
offered and one refused.  This will absorb the total plant allocation to be applied to the 
4000 ha (APLNG Pty Ltd, 2014b). If these reports are correct the one farmer that chose 
not to accept this water may in future not be able to access future water supplies 
especially as the water volumes from these plants are projected to decline over time. It 
remains of interest to discover the reasons why some farmers and graziers choose not to 
accept CSW and it would be of interest to know what the long term impacts are including 
how this affects land values and viability. 
 
The FRIP is illustrated in Figure 13.  This shows that all participating properties lie north of 
the Condamine River with most either side of Fairymeadow Road.  The gaps between 
  
64 
 
participating properties show that some properties could have utilised CSW but chose not 
to. 
 
 
 
Figure 13: Fairymeadow Road Irrigation Project 
Source: (APLNG Pty Ltd, 2014c) 
 
In summary, it is possible to determine current and future CSW supply capacities in the 
study area from published company data. Water resources are illustrated in Figure 22 of 
Appendix C but this is difficult to interpret in terms of water quantities and application to 
specific areas.  This is described in quantitative terms in Table 8, although it should be 
realised that these on-line published figures currently only describe treatment plant 
capacities.  The companies do not provide comprehensive data on CSW quantities 
supplied to individual or total agricultural users within the study area.  This data was 
obtained from on the ground interviews and survey work (Chapter 4). 
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Table 8: Company water treatment plant capacities, Chinchilla district, 2015. 
Plant Company Capacity 
 
Ml/day 
Treated CSW 
Capacity 
Ml/day 
Annual 
treated 
CSW GL/yr 
Kenya QGC 90 85 31 
Talinga/Condabri APLNG 60 55 20 
Orana APLNG na na na 
Ironbark Origin na na na 
Daadine/Tipton Arrow 60 55 20 
 
Source: (Arrow Energy, 2014a, QGC Pty Ltd, 2013b, APLNG Pty Ltd, 2012) 
 
According to (Coffee Environments, 2011), the amount of water provided by Arrow Energy 
is estimated at a maximum 60 Ml/day (Table 19, Section 4.1.1).  Where this water will be 
precisely supplied is not known although the destination for some of this water can be 
estimated (Chapter 4).  For instance, it is known that a 23 km pipeline was built from the 
Tipton field to the township of Dalby to supply the council desalination treatment plant.  It is 
reported that this water will provide 2,250 ML/yr for human consumption and it will in large 
part replace unreliable Condamine River water and bore water although how much of each 
is not published (Department of the Environment, 2015b).  This water will be supplied for 
15 years and is a substantial beneficial use for CSW and is more than four times the 
beneficial use supply of CSW to the Chinchilla township, provided by QGC (Table 20, 
Section 4.1.1).   
 
Arrow Energy is also known to supply a considerable amount of water for industrial 
purposes.  This includes Kogan Creek and Wilkie Creek coal mines for coal washing, 
Braemar 1 and Braemar 2 Power Stations for which Arrow Energy has part ownership and 
for the Darling Downs Power Station.  Presumably, industrial use consumes all water 
production capacity after agricultural use for one private user and Arrow’s own “Thetan 
Farm” and Dalby township. The basis of this presumption is that there is no evidence of 
Arrow Energy supplying any other users.  There is no evidence of Arrow Energy releasing 
significant amounts of CSW to stream or re-injecting water although they have conducted 
trials (Arrow Energy, 2014c).  
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2.2.3 Irrigation in the study area 
Photos of irrigation projects and water supplied by CSG companies are provided in 
Appendix F.  One shows a photo of an Origin Energy (APLNG) project, one of APLNG 
supplied water for a privately owned travelling irrigator.  Another shows a centre pivot 
irrigating pasture using CSW.  These photos are typical of irrigation projects in the study 
area. 
 
Table 9, shows the breakdown of the water use statistics within the study area.  This 
shows 3,632 holdings with an average area per holding of 577 ha.   Nearly one third of the 
holdings had irrigation with the total area watered being 55,288 ha or an average of 52 ha 
per holding.  
  
  
67 
 
Table 9: Agricultural water use statistics for Queensland and Chinchilla district 
(Condamine) farms, 2009 - 2010. 
 
Queensland Condamine 
Estimate 
 
Number of 
agricultural 
businesses 
Estimate 
 
Number of 
agricultural 
businesses 
Area of holding and water use 
Area of holding - Total area of holding (ha) 129,667,586 27,578 2,096,010 3,632 
Agricultural water use 
    Agricultural water use - Irrigation water - 
Total area watered (ha) 502,600 9,402 55,288 1,054 
Agricultural water use - Irrigation water - 
Total volume applied (ML) 1,823,870 9,402 165,647 1,054 
Agricultural water use - Irrigation water - 
Application rate (ML/ha) 4 1 3 1 
Agricultural water use - Other water - Volume 
(ML) 213,380 20,021 13,908 2,938 
Sources of agricultural water 
Sources of agricultural water - Water 
supplied by government or private irrigation 
schemes - Volume (ML) 825,248 2,984 15,771 58 
Sources of agricultural water - Surface water 
taken from dams, rivers and lakes - Volume 
(ML) 621,482 15,124 96,318 1,403 
Sources of agricultural water - Groundwater - 
Volume (ML) 537,691 13,757 64,331 2,603 
Sources of agricultural water - Town or 
country reticulated mains supply - Volume (ML) 2,485 891 23 19 
Sources of agricultural water - Recycled/re-
used water from off-farm sources - Volume 
(ML) 29,802 437 1,339 25 
Sources of agricultural water - Other sources 
- Volume (ML) 20,544 344 1,772 18 
Sources of agricultural water - Total water 
used for agricultural production - Volume (ML) 2,037,251 24,287 179,554 3,151 
 
Source: (Australian Bureau of Statistics, 2014a) 
 
In Queensland the average application rate for irrigation fell between 2008-09 and 2009-10 
from an annual 5.8 Ml/ha to 5.2 Ml/ha (Australian Bureau of Statistics, 2014a).  This is 
compared with the average application rate of 4 Ml/ha in 2009-10 and the average 
application rate of 3 Ml/ha for Condamine (Chinchilla district) as shown in Table 1   
(Australian Bureau of Statistics, 2014a).  Clearly there is a high degree of variation from 
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year to year depending on seasonal conditions and types of crops irrigated.  For instance, 
cotton, sugar and horticultural crops would have high application rates whereas 
commercial cereal crops such as wheat and fodder crops would probably have much lower 
rates.   
 
For this study, data from the Queensland Department of Agriculture and Fisheries is used 
to provide average water use for crops grown using CSW and to provide figures for gross 
margins on the Western Downs (Department of Agriculture Fisheries and Forestry, 2015).  
This is part of the specific literature used as input for the economic modelling and case 
study research (Section 4.3).  This is designed to ensure results are comparable and fall 
within the range of possible outcomes. 
 
2.3 Groundwater Impacts 
 
An important consideration in the use of CSW in Queensland is how its extraction affects 
the groundwater resources in the Surat and Bowen basins with reference to the study area 
and surrounding region.  This is reviewed in terms of the impacts on the Great Artesian 
Basin (GAB) and important adjoining aquifers which may or may not be part of the GAB. 
2.3.1 Great Artesian Basin 
The Surat and Bowen basins are part of the GAB which is a vital water resource for 
Australia.  Some commentators have voiced concerns that any changes to water 
consumption from these aquifers such as through the extraction of CSW could impact on 
the GAB and have long term impacts especially given that it takes thousands of years to 
recharge these basins (Department of the Environment, 2014, GasFields Commission 
Queensland, 2014b, Hillier J, 2010).  The impacts on the Walloon Coal Measures (WCM) 
and other GAB aquifers is in terms drawdown impacts on of stock and domestic bores 
because most agricultural bores in the GAB are for this purpose (Office of Groundwater 
Impact Assessment, 2012). 
 
CSW extraction impact on potentially connected non-GAB aquifers such as the 
Condamine Alluvium (CA), which is a very important irrigation source in the area, is not 
resolved in the literature.  These impacts are discussed in the context of the Water Reform 
in Section 2.8.1.  This is because these impacts are considered more from the point of 
  
69 
 
view of sustainable management of total water in the QMDB rather than geological 
connectivity and physical impacts between these aquifers. 
 
It is estimated that the GAB has a total storage capacity of about 65,000 million ML 
(APLNG Pty Ltd, 2014a). Each year it is recharged by nearly 1 million ML and natural 
discharge is roughly 50,000 ML (APLNG Pty Ltd, 2014a). These water balance figures are 
shown in Figure 14.  
 
 
Figure 14: Great Artesian Basin water recharge and use, 2014. 
Source: (APLNG Pty Ltd, 2014a) 
 
Figure 14 shows that according to APLNG (2014), Surat basin groundwater extraction is 
nearly one quarter of all groundwater extraction from the GAB. This is fully recharged on 
an annual basis and is less than 20% of the water drawn from surface water supplies.  
However, of the groundwater extraction in the Surat basin, the CSG industry extracts 
nearly half and APLNG extracts about 15% of this.  
 
This is a not a full description of the impact, however, as recharge across the GAB is not 
uniform and is highly variable from year to year.  For instance, recharge of the WCM is 
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considered to take much longer because in many respects it behaves as an aquitard 
rather than an aquifer even though it has traditionally been accessed for stock and 
domestic use (Office of Groundwater Impact Assessment, 2012).  This is discussed in 
more detail in Section 2.8. 
 
Therefore, it is important to consider not just the total storage and proportional effect 
across the whole GAB but also the local impacts.  Given the rate of water extraction by the 
CSG industry, which peaks at about 170,000 ML per year, the impact on the Walloon Coal 
Measures (WCM) is significant, even though only about 5 to 10% of its total water storage 
capacity will be removed by the CSG industry.  Also, local impacts could be significant for 
adjoining aquifers for many years even after the cessation of the CSG industry.  The wider 
impacts on the GAB are less because the low vertical and lateral permeability of the WCM 
means that impacts are localised to water bores near to gas wells. These bores are 
generally only found in the WCM and the immediately adjoining Springbok and Hutton 
Sandstones (Office of Groundwater Impact Assessment, 2012). 
 
As a result the Queensland Government has implemented a legislative12 and regulatory 
regime to ensure CSG operators comply with best practice to manage impacts associated 
with CSG water extraction.  In particular, the Government has specified the trigger 
threshold values for assessing impacts on private groundwater bores as: 
 
 a 5m drop for consolidated aquifers, such as sandstone, and 
 a 2m drop for shallow alluvial aquifers. 
 
Where groundwater reductions in excess of these trigger values are found to be due to 
CSG operations, the CSG producer is obliged to negotiate ‘make good’ arrangements with 
the bore owner under the ‘make good’ provisions of the new regulations. 
 
There are about 21,000 water bores in the Surat basin which are used for stock and 
domestic, irrigation, industry and human consumption.  Of these, there are 528 bores 
which are anticipated will fall below the trigger level (see footnote 12) as a result of CSG 
                                            
12  Rights to extract gas and produced water are provided under the Petroleum and Gas (Production and Safety) Act 2004 (P&G Act) and the Petroleum Act 1923. The impacts of 
the extraction of CSG water on groundwater supplies are managed under the Water Act 2000 (Water Act), and the environmental management of CSG operations, including the management 
of CSG water, is dealt with under the Environmental Protection Act 1994 (EP Act). 
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co-produced water extraction.  The Office of Groundwater Impact Assessment (OGIA) 
monitors water levels within this basin at 498 monitoring points (Office of Groundwater 
Impact Assessment, 2012). 
 
OGIA estimate that 5 out 71 spring complexes within the Surat will be affected beyond the 
2m threshold and that 85 of 21,000 registered water bores will be affected beyond the 5m 
threshold in the next three years.  Overall OGIA estimate that 528 registered bores will be 
affected, 400 in the Walloon Coal Measures, 104 in the Springbok Sandstone, 23 in the 
Hutton Sandstone and one in the Gubberamunda Sandstone.  If this transpires, affected 
landholders will be subject to “make good” provisions (see footnote 12). 
 
According to (GasFields Commission Queensland, 2014a), 75 of the 85 registered bores 
in the immediately affected areas of the Surat Underground Water Impact Report have 
been assessed and ‘in-principle’ make good agreements have been reached for 29 of 
these bores to date.  CSG companies are required to negotiate with landholders about 
options for make good including; decommissioning bores, providing a new bore that taps 
another aquifer and financial compensation evaluated by the function of the use of the 
bore and value of the property. In some circumstances, ongoing bore monitoring to assist 
in identifying any future impairment of a bore’s capacity is also being carried out. 
 
Of the bores in the immediately affected area identified in the Surat Underground Water 
Impact Report (UWIR), Origin Energy is the tenure holder responsible for make good 
agreements for 40 bores; QGC – 32; Arrow Energy – 12; and Santos – 1 (GasFields 
Commission Queensland, 2014a). 
2.3.2 Surat and Bowen Basins 
 
The Surat Basin covers 180,000 square kilometres and partly overlies the Bowen Basin.  
CSG is produced from the Walloon Coal Measures within the Surat Basin. The Bowen 
Basin covers 60,000 square kilometres running from Collinsville to Theodore in Central 
Queensland and CSG is produced from the Bandanna Formation within this Basin.   The 
Bowen Basin is where the CSG industry commenced in Queensland with the first 
commercial production near Moura in 1996 and near Injune in 1998. Currently, commercial 
production occurs in the central and southern parts of the basin near Moranbah, Injune, 
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Moura and Wandoan. Extensive reserves await development.  There is an extensive 
baseline water monitoring program of water bores (to determine the effect on underlying 
groundwater aquifers) in the Bowen and Surat Basins with a typical water bore monitored 
by Arrow Energy shown in Figure 15.   
 
 
Figure 15: Typical water bore. 
Source: (Arrow Energy, 2013) 
2.4 Water quality issues 
 
Water quality issues regarding CSW relate largely to how the water is ultimately used.  If it 
is used for industrial purposes such as for power station cooling or dust suppression then 
the quality (salt content, sodicity and amount of organic and inorganic chemicals) is less 
critical than if is used in human consumption or for irrigating crops.  Therefore the way in 
which this water is disposed of presents certain constraints.  For instance, raw water 
cannot be disposed of to surface streams.  Even treated water cannot be released to 
stream except under limited legislative controls (Department of Environment and Heritage 
Protection, 2011).   Another issue is how treated water (salt removed or ameliorated) is 
used in irrigation.  The water quality can affect the irrigation equipment used and the soils 
on which it is applied.  This is discussed in Section 2.4.  This section discusses water 
quality from a chemical composition point of view to provide a better understanding for 
future discussions about how the water may be used. 
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2.4.1 Coal seam water chemical composition and treatment 
 
The reason why CSW cannot be used directly for irrigation is because of its salt content.  
This means that if it is to be used for irrigation most of this salt must be removed or its 
effect on plant growth ameliorated with the use of chemicals.   
 
Untreated CSG in Queensland is high in sodium and bicarbonate, and low in hardness 
(calcium and magnesium), and may also contain suspended solids, iron, silica and barium 
(Shaw M, 2010). Total dissolved solid (TDS) concentrations can vary considerably 
between basins and even between individual wells. For example, produced water from 
some areas of the Gunnedah basin have been reported to have TDS as low as 4000 mg/L, 
while other areas of the same basin may be as high as 31,000 mg/L.  An assessment 
undertaken by the Queensland Government suggested that the common range for TDS in 
CSW was 1000-6000 mg/L (Department of Infrastructure and Planning, 2009). 
 
Most studies examining the compositions of CSG produced waters have focused on 
inorganic constituents or parameters, including electrical conductivity, sodium-adsorption 
ratio (SAR), nitrogen (including ammonium, nitrite and nitrate), pH, iron, silica, barium, 
potassium, sodium, chloride, fluoride, calcium, magnesium, sulphate and bicarbonate.  
However, CSW may also contain a range of organic chemical substances such as 
phenols, aldehydes, ketones, and various carboxy-, hydroxyl- and methoxy- bearing 
compounds), nitrogen-bearing compounds (pyridines and amines), and monoaromatic 
hydrocarbons such as Benzene, Toluene, Ethylbenzene and Xylenes (BTEX), and to 
some extent polycyclic aromatic hydrocarbons (PAHs) and low molecular weight aliphatic 
hydrocarbons  (Volk H et al., 2011).   
 
There are various processes used to either manage the effects of this salt or to remove it 
such that the treated CSW can be used beneficially.  The former process in discussed in 
Section 2.7.2.  Removal of salt can be achieved by evaporation, collection and 
condensation of the water vapour (if it is required) although this is a very costly process 
and no examples of use of this technology could be found in the literature.  This is 
because, given the large volumes of water, the cost of storage and infrastructure required 
for collection would substantial.  This would be the case even if cheaper solar energy was 
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used to achieve evaporation rather than expensive heating methods to raise the water 
temperature to boiling point. 
 
Reverse Osmosis (RO) and Ionic Transfer (IT) methods are considerably cheaper than 
evaporative methods.  However, both require significant investment in infrastructure which 
is discussed in Section 2.7.1.  Reverse osmosis of CSW involves forcing water under 
pressure through various filter membranes of decreasing porosity such that larger particles 
are removed first through to organic and inorganic chemicals in the final stages of 
treatment (BFC Systems, 2011).  Ionic transfer requires the passage of an electrical 
current through the water and removal by deposition of mostly inorganic chemicals.  This 
process is considered more costly and less effective than reverse osmosis and is only 
used for small plants with water of a specific (mostly inorganic composition) type (BFC 
Systems, 2011). 
 
The conclusion is that the presence of salt in CSW does not prevent its use in beneficial 
use including for irrigation.  However, its management presents certain handling and 
management issues. The specific impact of chemicals and salts contained in CSW is 
considered beyond the scope of this thesis.  Regardless the potential difficulties 
associated with the management of the salts and other compounds contained in CSW 
there has not been any evidence of this causing problems for irrigators in the study area or 
elsewhere.  However, there have been reports of concerns in the US from contamination 
of the environment but this situation has not been reported in Australia (US Environmental 
Protection Agency, 2010).  These issues are discussed in more detail in the next section. 
 
2.5 Environmental concerns and beneficial use options 
 
While the salt content of CSW raises a number of issues including how it will be used in 
irrigation there are a range of other environmentally sensitive issues which have also 
arisen in relation to CSW use, including; 
 risks associated with disposal of residual brine and salt after CSW treatment and 
concentration (Hutton D, 2014a) 
 groundwater contamination and depletion (Office of Groundwater Impact 
Assessment, 2012) 
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 irreversible changes to the soils and plant life (Hepburn, 2014) 
 potential effects on water reserves within the Great Artesian Basin (GAB) (CSIRO, 
2012b).   
 
The above concerns seem to have dissipated somewhat in Queensland because of the 
enormous investment the industry has made into safe handling, storage and treatment of 
CSW with the intent for it to be largely used beneficially.   However this may not be fully 
realised and the reasons for this need to be better understood. 
 
Soon after the commencement of the CSG industry in Queensland there was considerable 
hope for the safe disposal and beneficial use of CSW.  This is illustrated in Figure 16 
which comes from a Worley Parsons report (Brannock et al., 2011). 
 
 
Figure 16: Total CSW demand and supply options, 2011. 
Source: (Brannock et al., 2011) 
 
At this stage it seemed that nearly 50% of CSW was intended to be used beneficially.  
Based on an initial review of published figures, this percentage seems achievable (see 
Section 2.1.3). While up to 20% was envisaged for irrigation possibly more than double 
this amount is currently being used, although individual plant usages are considerably 
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higher in some circumstances.  The amount used beneficially from the QGC Kenya plant 
may be less than 10% while the amount from the Condabri and Talinga plants could be 
approaching 100% of design capacity (Section 4.1.1).  The reasons for this are not known 
but will need to be better understood if the overall percentage is to be maximised.  
Theoretically, there is no reason why all of the treated CSW could not be used beneficially 
with the largest amount of this most likely to be used in irrigation but it seems there are 
significant obstacles preventing this from happening.   
 
Using treated CSW for aquaculture was seen as a significant  an option for beneficial use 
but it has not been adopted to any extent so far (small operation near Chinchilla – see 
Section 4.3). The reasons for this are not clear from the literature but as was found from 
the survey material (Chapter 4) there are sound economic reasons why this is the case.  
However, Brannock (2011) discussed at the time that water used for aquaculture could 
present environmental problems with production of a new waste water stream which would 
have to be managed in some way.  It was thought that there may have also been issues 
with CSW chemistry which needed to be addressed to enable high yielding aquaculture 
(Brannock et al., 2011).  As discovered from survey and discussed in Section 4.5, this was 
not found to be the limiting factor for aquaculture. 
 
The Brannock (2011) speculation that some 30,000 ML of CSW per year would be used in 
irrigation appears may have already been achieved (Section 4.1.1) although this would 
potentially be less than the amount of water available.  In the Chinchilla district it seems 
there will be in excess of 32,000 ML of treated water annually produced from the Kenya 
treatment plant alone (there are another 5 treatment plants also producing water in the 
study area) but currently only 23,390 ML of treated CSW is supplied by Sunwater and is 
being utilised for irrigation (Section 4.1.1).  How much additional treated CSW is currently 
available from the Kenya plant is not known but it would seem a significant proportion is 
used by the companies directly (not supplied by Sunwater and does not show in Table 20 
(Chapter 4), or released to stream.    
 
It is speculated that a significant volume of treated water from the Talinga and Condabri 
plants could be being released to stream under permit (Department of Science Information 
Technology Innovation and the Arts, 2012, APLNG Pty Ltd, 2014c, Department of 
Environment and Heritage Protection, 2014b) (Section 4.1.1) but whether this is still the 
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case is not known.  If this is still the case this could also be viewed as a lost irrigation 
opportunity but could be remedied once the Fairymeadow Road irrigation scheme reaches 
full potential. 
 
The reasons why a significant proportion of water production from the Kenya and other 
plants may not be fully utilised is not known although it possibly relates to the fact that 
most of the water is supplied to only experienced irrigators who are limited in number in 
suitable areas, plant capacity exceeding production capacity and evaporative and other 
losses.   These issues are largely resolved by farmer interviews in the area (Chapter 4).  
This is because it relates to actual usage volumes which are motivated by transition 
capability and experience which in turn relates to economic and other incentives. 
 
Most of the published work (Ganjegunte et al., 2008) refers to the capacity of landholders 
to  use CSW for agricultural production rather than its potential for creating viable 
industries. In fact, the whole premise on which the CSW is currently supplied in 
Queensland is on the basis of rapid and immediate consumption (Jackson I & D, 2014).  
There appears to be no intention to conserve or store CSW for later use thus potentially 
improving utilisation and sustainability.  There is the potential for on-farm storage although 
high evaporative losses in this area means that most of this water would need to be used 
in the month in which it is supplied (CSIRO, 2013).   
 
At one stage there was consideration for an idea promoted by the Australian Petroleum 
Production and Exploration Association (APPEA) for all companies to centrally store water 
for gradual release to end users (Brannock et al., 2010).  The main purpose for this 
aggregation was for provision to population centres but large distances to major towns and 
cities worked against adoption of this proposal.  Despite this, there has been significant 
amounts of water of treated CSW made available for human consumption in Roma and 
Dalby although this is only about 5% of total water being made available (Section 4.1).   It 
seems therefore that locally treated and supplied CSW for irrigation offers the largest 
prospect for beneficial use. 
 
The fact that the CSG industry will supply a large volume of new or additional water to 
South West Queensland and that this could contribute to new industries is potentially 
highly beneficial to the Queensland economy (PSI Delta Pty Ltd, 2010) .  What is unique or 
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new in this field is finding ways to ensure that this water will potentially provide 
economically viable new agricultural enterprises.  It is believed this is a unique challenge 
because there is already sufficient evidence to show that providing CSW alone is not 
sufficient to guarantee maximum take up and successful application of this water.   
 
An economic evaluation which takes account of the risks and variable parameters is 
needed to assess the potential viability and sustainability of CSW irrigation.  While 
irrigation feasibility is the responsibility of the user and their success would ensure the 
CSG companies’ ability to dispose of the water, viability may not be guaranteed by first 
time irrigators.  Whether the companies have developed strategies to deal with potentially 
irrational decision making is not known and there is no publicly available strategy for the 
use of CSW by agricultural producers.   
 
PSI Delta Pty Ltd (2010) showed that water demand will outstrip supply in SW Queensland 
but that urban and industrial users may be in a better position to afford to use CSW.  If this 
is the case, only the high value agricultural users may be able to compete for its use.   As 
cost pressures rise it may be that the CSG companies will not be willing to supply more 
water for “zero cost” to users (Kellog Brown & Root Pty Ltd, 2012).   The companies may 
also be discouraged from disposal and storage options such as recharging the aquifers as 
the costs for this are substantial and there remain issues of uncertainty surrounding 
aquifer impacts and regulatory barriers pertaining to environmental motoring and 
management (Office of Groundwater Impact Assessment, 2012).   
 
Therefore, it seems a new economic evaluation of CSW use in agriculture could shed light 
on the best way forward.  The input parameters firstly look at long term industry viability 
using CSW as initial input (up to 40 years) but alternative more expensive supplies will 
eventually be needed. This is considered because it seems irrigators may not wish to 
make an investment on even “free water” for limited timeframe scenarios. A number of 
explanations for why existing irrigators would not want CSW could be postulated but one 
reason may include that they do not want to jeopardise known allocations from surface 
streams and other sources even if this carries a significant access fee because they know 
this water is reliable and not temporally limited.   
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The costs and risks associated with CSW irrigation are similar to other irrigation schemes 
and these have been review extensively in Queensland (CSIRO, 2013, Environmental 
Defenders Office, 2012, Frontier Economics, 2011, White I et al., 2010).  The viability of 
these schemes often revolves around amount of water available, costs of storage and 
delivery to a crop and the sustainability of irrigation on vulnerable soils.   From this it would 
be thought that 15 years supply of CSW would be more than adequate for feasibility for 
most investment projects but for irrigators this may not in this case.  While long investment 
timeframes are generally needed for agricultural investments irrigation investment seems 
to carry with it additional risks and the use of CSW has additional risks including possible 
reliability and environmental impacts (from an economic perspective these risks could be 
real or perceived).  One of the major risks for potential users is the fact that given supply is 
limited to possibly 20 years means that that all irrigation costs would need to be amortised 
in the first few years (Section 4.3).    
 
Other risks such as climate change and market price variability for outputs is common to 
agriculture generally and is not separately reviewed here although these risks are not 
ignored in the economic evaluation parts of this thesis.  They are captured in the section 
on APSIM modelling (Section 3.7). 
 
Initially, the companies mostly supplied their own properties and were not supplying to 
external parties.  This is because of small initial volumes, to better manage risks and 
because they had not worked out how to deliver this water to potential customers.   The 
reasons, for why they chose to dispose of the water in the ways in which they did is not 
available because of commercial confidentiality reasons.  This information is obtained by 
interviewing current and potential users to better understand the economics of what is 
happening in practice.  This data is needed as additional verification input for the modelling 
work which will provide new information in order to solve many of the problems considered 
in this thesis. 
 
From literature and observation it also seems each company has applied different 
technical solutions to the use of CSW and this is being used to produce different 
agricultural commodities. Some companies use treated water on traditional crops which 
will be sold into existing traditional markets. Some (APLNG Pty Ltd, 2013) are producing 
new and unusual crops (such as pongamia) which may have considerable potential.  
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These should be viewed as experimental as they have untested markets.  Some are 
producing traditional crops but are applying this to improved productivity in areas which 
are not traditional irrigated cropping and grazing areas. These would carry different 
marketing risks, some of which are considered in the economic analysis components of 
this thesis.  From this it can be concluded that there is no clear published strategy for 
disposal reasons or mechanisms by the companies.  The economic evaluation in this 
thesis is designed to provide strategic guidance in this area. 
 
The next section is aimed at providing clarity from the literature around the ways in which 
irrigators deal with risk and uncertainty and could potentially use CSW in irrigation.   
Among these is the concept that potential irrigators need a reliable long term water supply 
of known quantity and quality more than for it to be cheap is a potentially important finding 
which is confirmed by this research.  This could potentially assist companies and 
agricultural producers to find a clear forward strategy for maximum water use and enable 
new insight into how to achieve improved viability of these two industries. 
2.5.1 CSW release to stream in study area 
In all cases where treated CSW cannot be beneficially used the CSG companies and third 
party providers (Sunwater) must seek and environmental permit from the Department of 
Environment and Heritage Protection.  These permits carry strict conditions regarding the 
amounts released, the minimum quality standards for this water and the period in which 
the release may occur. 
 
Table 10, provides details of four known permits for approved treated CSW discharge to 
streams in the study area, as at December 2011 (Department of Environment and 
Heritage Protection, 2014a, Department of Environment and Heritage Protection, 2014b). 
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Table 10: Approved CSW releases to stream in study area. 
Stream  Location  Amount  Water Quality  Duration  
APLNG discharge 
into Condamine 
River at Talinga  
27.5 km SE of 
Miles  
Must not exceed:  
20 ML/day at flow 
rate consistent with 
flow velocity in 
Condamine River 
from Talinga Plant 
EC 200–500 μS/cm  
–8.5  
Solids 191 mg/L 
(max)  
mg/L  
mg/L  
–9 
mg/L  
–80 
mg/L 
Once maximum 
level in Monreagh 
Dam reaches 1873 
ML capacity release 
can continue until 
level is reduced to 
180 ML. 
QGC discharge into 
Wieambilla Creek  
39 km SE of Miles  12 ML/day  
Max 3492 ML  
(until May 2012) 
from Kenya Plant  
 EC 300 μS/cm 
(max)  
–8.5  
45 mg/L (max)  
–13 
mg/L  
–10 
mg/L  
mg/L  
 
July 2010–May 
2012 (until 
Chinchilla Weir 
pipeline completed 
by SunWater) 
APLNG discharge 
into Condamine 
River at Talinga  
27.5 km SE of 
Miles  
Must not exceed:  
40 ML/day at flow 
rate consistent with 
flow velocity in 
Condamine River 
from Condabri 
Plant  
EC 200–500 μS/cm  
–8.5  
Solids 191 mg/L 
(max)  
mg/L  
mg/L  
–9 
mg/L  
–80 
mg/L  
 
Once maximum 
level in Monreagh 
Dam reaches 1873 
ML capacity release 
can continue until 
level is reduced to 
180 ML. 
SunWater discharge 
to Condamine River 
with off-takes for 
irrigation and 
supply to Chinchilla 
Chinchilla Weir  Up to 85 ML/day 
from Kenya Plant 
pipeline for 20 
years  
But must 
demonstrate the 
downstream take 
balances the 
volume released. 
Potential for 
irrigation off-takes 
prior to discharge  
 EC 500 μS/cm 
(max)  
–8.5  
175 mg/L (max)  
alcium 6 mg/L 
(min)  
 Magnesium 4.5 
mg/L (min)  
mg/L (max)  
mg/L (max)  
 
 
24 years (20 years 
resource use, 3 
years monitoring, 1 
year reporting and 
assessment) 
(operation to 
commence before 
end of  
 
Source: (Department of Environment and Heritage Protection, 2014a, Department of Environment and Heritage Protection, 2014b). 
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What can be seen from this table is that permits to release CSW are granted only in 
special circumstances and are mostly for emergency release only.  In the case of the 
largest of these (Kenya plant release to Chinchilla Weir) the intension is for all of this water 
to be used beneficially (QGC Pty Ltd, 2013b). 
 
2.6 Farm transition to use CSW 
 
One of the key determinants for how much CSW will be used is the willingness of 
agricultural producers to utilise it for productive purposes. Given that much CSW is 
produced and dispersed across in grazing areas of Queensland the amount of CSW which 
could be used beneficially would be assumed to be relatively small.  This does not appear 
to be the case in traditional farming areas in the study area (Section 2.2.1) but even here 
the willingness to use this water could be limited by concerns about water quality, volume 
and reliability.  Apart from these reasons there could also be range of technical and social 
reasons why farmers may be reluctant to utilise CSW.  There could be transition issues 
such as farmer age structure and succession planning.  These are not uncommon 
problems in agriculture as transition issues to deal with new ways of farming have been 
widely researched (Peel D, 2013).  
 
There are social and human factors to be considered such as willingness to transition to 
new techniques and enterprises which could be influenced by such things as age and 
family structure.  This thesis reviews published data on these issues and factors which 
may in part explain the reasons for acceptance or rejection of CSW for beneficial use in 
Queensland.  This could shed light on methods to improve farm sustainability, ways of 
providing employment and economic development in rural communities and policies and 
strategies to derive maximum benefit from an industry which may not persist much beyond 
a 40-year time horizon.  A better understanding of this will be of considerable benefit to 
gas companies, agricultural producers, government regulators and industry in general for 
future expansion of the industry.  It may also help to develop strategies to optimise CSW 
use and provide guidance on agricultural industry transition arrangements generally.  
 
There are a number of issues and problems which affect enterprise transition. For 
instance, even if the CSW is supplied at very low cost this may not be sufficient to 
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encourage its use for irrigation because it has been shown that reliability of supply is 
possibly more important.  CSW supply needs to be viewed in the context of competing 
water supply availability, cost and dynamics. This is complicated because CSW is 
temporally limited and existing irrigators may have taken lower volumes than they might 
have otherwise because of lack of information.  It appears new irrigators may have been 
unwilling to undertake the risks attached to major new irrigation investments with so many 
unknowns pertaining to CSW. If this was the case this would be reflected in lower than 
optimum beneficial use figures. 
 
One of the key issues for farm transition to use CSW in irrigation is the physical limitation 
of the soils to use this water on a sustained basis.  This is the subject of the next section. 
 
2.6.1 Land use, soils and rainfall in the study area 
 
Once the potential quantity of CSW available for irrigation in the study area is known this 
should be compared with the agricultural areas that could benefit from its use.  The land 
use types are described for the study area (www.dnrm.qld.gov.au/mapping-
data/queensland-globe) (Appendix C).  Appendix C also shows property boundaries in 
Figure 31.  Figure 37 in Appendix D, shows forestry areas and the “blank caption” shown 
provides a description of the forestry within that area.  Figure 38 in Appendix D, shows soil 
types and the “blank caption” shown provides a description of the soil at that point within 
that area. 
 
This thesis reviews the suitability of the soils within the study area for irrigation with 
reference to extensive studies of soils in the Central Downs described by Harris P, Biggs A 
and Coutts A (Harris P et al., 1999) and by Maher J (Maher J, 1996). 
 
As will be seen from Figure 33 in Appendix C, the study area falls across three Shires 
namely; Chinchilla, Murilla and Tara.  The soil mapping has been completed on a Shire 
mapping basis which will mean collating information from three reports.  Initial review of 
these reports shows extensive areas of fertile black and grey cracking clay soils which are 
probably the best suited to irrigation.  Many of these areas are not currently irrigated or 
cropped and some are not even cleared.  It would seem wise to prioritise these areas for 
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irrigation although it is not known at this stage if water availability or soil will be the greater 
limiting factor. 
 
A description of the soils in the study area are provided in Table 32 in Appendix I, and in 
the northern part of the study area in Figure 47 in Appendix I  (SunWater, 2013b). The 
best irrigable soils being; the Clay alluvial plains soils (1a, 1b and 1 c) are common along 
the Condamine River but the Poplar box alluvial plain soil (2b) is not common. The less 
suitable soil of Cypress pine sands (3a) is found along several rivers is common and the 
Brigalow plains soils (4a and 4b) are extensive but would present problems for irrigating 
(low fertility and moisture holding capacity).   
 
Only Class A Crop Land and Class B Limited Crop Land (SunWater, 2013b) would be 
suitable for irrigation and only the latter with considerable limitations and modifications.  
Class C Pasture Land and Class D Non-agricultural Land is regarded as unsuitable 
although from examining Figure 47 these areas are only small in the study area. 
 
If CSW is shown to be abundant in the study area then less suitable soils could be 
considered for irrigation although the economics of irrigating these soils would need to be 
evaluated as presumably they will require more inputs, better management and may carry 
additional environmental concerns. One of the reasons that less suitable soils may be 
considered for irrigation would be their proximity to water supplies.   
 
Maher (1996) describes how individual properties in the area contain a wide variety of soils 
some of which would not normally be suitable for irrigation  (Maher J, 1996).  However, the 
decision to irrigate less suitable soils could be made by landholders on the basis of 
proximity to water supply.  This may not be available to those areas with better but more 
remote soils.  Initial review of the soil types in the study area shows that the quality gap 
between the poorest soils and the best is considerable.  The sandy soils are really only 
suitable for grazing and possibly growing trees and even the intermediate soils often have 
low fertility and moisture holding capacity.  Therefore, trade-off decisions between water 
supply and land use should be made with reference to land use characteristics as shown 
in maps at Figure 34 and Figure 36 in Appendix C and Figure 47 in Appendix I. 
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2.6.2 Economic feasibility of irrigation projects 
 
The economic evaluation is one which relies on a number of assumptions including the 
provision of long term water supply.   It assumes certain input costs are fixed and 
determined from the literature for such things as the gross margins (Department of 
Agriculture Fisheries and Forestry, 2015).  Biophysical inputs including environmental 
impacts such as an increase in soil salinity are allowed for in APSIM (Holzworth et al., 
2014). This analysis is undertaken at the farm-scale not at the regional-scale.  Additional 
environmental issues (such as town water supplies) at the regional-scale could impact   
farm-scale economics but these are ignored to enable simpler economic evaluation.  This 
thesis only evaluates issues where published material is available and can be easily 
verified.   
 
The scope of analysis undertaken here is one which evaluates economic benefits now and 
into the future for individual producers, their families and workers in supporting industries 
(which are not evaluated in detail in this thesis).   Environmental impacts such as changes 
to soil chemistry, plant species and the landscape are evaluated in the economic 
modelling as part of the bio-physical modelling contained in APSIM.  These are also 
evaluated in farm case studies quantitatively and qualitatively (Section 4.3). 
 
The purpose of the economic evaluation is to determine which scenario or scenarios offer 
the greatest economic benefit for users of CSW for irrigation in the study area.  This 
analysis should be compared with investment returns for other irrigation projects in 
Australia because if irrigation using CSW does not compare well with other irrigation 
opportunities then it is unlikely to attract investor interest.  Potential irrigators will 
undoubtedly be interested in this analysis from the opportunity cost point of view of this 
investment. 
 
While there are no published economic evaluations of this type especially for the study 
area there are a number of published economic evaluations of the use of irrigation water 
and some of these results should be compared with the potential results from this thesis.  
These studies are also useful from the point of view of the methodologies used and their 
application to this thesis. 
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Sustainable irrigation is discussed by Agtrans Research (2009) where they evaluate four 
major irrigation investment options throughout Australia (Agtrans Research Pty Ltd, 2009).  
The results are shown in Table 11. 
 
Table 11: Four Australian irrigation investment scenarios. 
Investment PVB 
($M) 
PVC 
($M) 
NPV 
($M) 
B/C 
(Ratio) 
IRR 
(%) 
Horticulture Salinity 1.77 0.22 1.55 8.10 25.4 
Harvey Water 4.26 0.32 3.94 13.34 30.8 
Irrigation Futures 10.67 0.75 9.92 14.23 28.5 
North Australian 
Irrigation Futures 
6.83 0.66 6.17 10.34 21.1 
 
Source: (Agtrans Research Pty Ltd, 2009) 
 
In Table 11, it can be seen that the present value of benefits (PVB) far exceed the present 
value of costs (PVC) and all have very high benefit to cost (B/C) ratios.  This indicates that 
there could be competitive pressures for investment funds for irrigation projects in 
Australia.   How these compare with the B/C ratios for irrigation investment using CSW is 
not known but if there was an open market it would not be surprising if CSW would find it 
difficult to compete with these options.  
 
The horticulture salinity project involved 250 horticultural irrigators in the Murray-Darling 
irrigation area investing in salinity control measures.  It was estimated that there would be 
a 10% saving in water costing $100ML/ha and there would be up to 20% improvements in 
crop productivity.  The Harvey water project in Western Australia involved up to 60 dairy 
and 300 beef producers converting flood irrigation systems to centre pivot irrigation 
systems.  Most of the benefits for this project were realised in water efficiency savings of 
up to $48 ML/ha.  The irrigation futures project is an institutional strategic planning project 
involving all major government organisations in the Goulburn Valley pooling resources and 
investment strategies to improve irrigation industry economic outcomes.  The northern 
Australian irrigation futures project is one involving the development of specific irrigation 
systems and material specifically designed for northern Australian conditions. 
  
87 
 
 
Generally, it is thought that benefit-cost (B/C) ratios greater than one could attract 
investment in many investment projects but in the case of irrigation projects which have 
high input costs and carry significant climate and environmental risk B/C ratios would 
probably need to be considerably higher.   
  
One of the conclusions from the review of irrigation projects in Australia (Section 2.1.8) is 
that they are numerous and highly variable in terms of inputs and outputs.  While many 
employ similar economic evaluation techniques they vary considerably in terms of the 
depth and extent of analysis.  A good example of a detailed economic evaluation of a 
relatively simple irrigation project is one undertaken by Sava and Franken (2002) for the 
Food and Agriculture Organisation (FAO) (Savva A and Frenken K, 2002). 
 
This project provides a detailed evaluation of irrigating six different crops over a 40 year 
lifespan on 105ha with a cropping intensity of 200%. Gross margins varied according to 
the crop from less than $1,000/ha up to approximately $4,000/ha which increased over 
time as capital costs were repaid.  At a discount rate of 12% the NPV for the project was 
$2.6m and a B/C ratio of 2.5.  This is a relatively low B/C ratio but because the project was 
to be funded by the FAO this would probably have been sufficient to secure recommended 
funding of about $100,000 per year for 10 years. 
 
It is clear that of critical importance to economic evaluations of irrigation projects is to 
obtain accurate figures for projected benefits and costs. These can be calculated manually 
for each crop and irrigation scenario as with the FAO project which could be time 
consuming and tedious especially if data needed to be sourced for all potential scenarios.  
Alternatively, these data could be sourced from modelled results from previous irrigation 
projects. In the case of this study it is thought that the crop yield figures would be most 
efficiently (Section 3.7) obtained from APSIM (Holzworth et al., 2014). These could then be 
multiplied by average crop returns in order to calculate potential benefits.  The costs to 
deliver each crop production scenario would need to be separately calculated and there 
are various models and calculators to reduce the computational effort although it is 
believed that it will be necessary to compare modelled figures with on- the-ground testing 
of data to ensure accuracy of CSW irrigation scenarios because this has not been 
previously modelled. 
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A good example of how important crop yield is to economic return from irrigation projects 
can be seen from the study undertaken by O’Brien D (2007). As seen from Table 34 
(Appendix J), at a yield of 175 bu/ac returns were negative, at 180 bu/ac returns were 
marginally positive but at 190 bu/ac return was 14.5% more than cost.  This table also has 
a list of costs for irrigation some of which are not relevant to the Australian setting such as 
drying costs (O'Brien D, 2007).   
 
An important cost item for irrigation projects is the recurrent (variable but generally 
increasing over time) cost of water supplied.  While this is currently set at “zero” for users 
this may not continue to be the case.  For a discussion of the feasibility of irrigation 
projects in Australia it is worth referring to the CSIRO (2013) study into the irrigation costs 
and benefits calculated as part of an Australian Government study of North Queensland 
irrigated agriculture (CSIRO, 2013).  The reason why this study is particularly relevant to 
this thesis is that it compares the difference between on-farm use of water, which assumes 
zero cost of water but high capital costs for on-farm storage and pumping, compared with 
scheme scale provision at a fixed price for water allocated.  The conclusion from this work 
is that given the high capital costs incurred, even with “free water” the ability for individual 
farmers to guarantee a positive return from irrigation is fraught with difficulties and risks.  It 
is true that a major cost for northern rivers producers is the high cost of transport of 
produced commodities to market but the general conclusion that repaying high capital 
costs for water storage is a huge disincentive to investment.  A full discussion of this study 
is to be found at Appendix L. 
 
There is another major economic and environmental sustainability issue surrounding the 
potential overuse of CSW based on the fact that is supplied at “zero cost” and with “take or 
pay” penalties.  Economic theory suggests that under-pricing of a valuable resource can 
lead to inefficient and wasteful use and it can imply that it will not be used for its highest 
productive potential.  This overuse could be exacerbated by the policy of some CSG 
companies to maximise CSW usage in order to reduce the cost of disposal. Evidence of 
this is provided by studies into application rates to determine crop tolerance and as a 
means of disposal rather than optimising use (Macfarlane D, 2014). 
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The salinity and groundwater drawdown problems associated with overuse have been 
described for sugarcane irrigation in the Burdekin delta in North Queensland (Qureshi M et 
al., 2002).  This paper describes how best use technology for efficient water use is 
extremely important for long term sustainability of the industry.  This may be a similar to 
CSW use in the study area which is further researched in survey material (Section 4.3). 
 
2.6.3 Methods of Economic Assessment - APSIM and other models 
 
The Agricultural Production Systems Simulator (APSIM)(Holzworth et al., 2014) is a 
farming systems model that simulates the effects of environmental variables (such as soils 
and climate) and management decisions on production. 
 
In this thesis it is used to analyse risk and explore alternative irrigation management 
options such as crop choice, planting date and fertiliser rate. It uses existing and updated 
local climate data and paddock-specific soil data. When used interactively with selected 
farm survey and other derived data, it is used to determine economic outcomes for 
different management decisions. 
 
An example of the APSIM yield curves for sorghum on heavy clay soil on the Downs for 
three different fertiliser applications (0kg, 30kg and 60 kg/ha) is shown in Figure 17. 
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Figure 17: APSIM simulations for sorghum yield for various fertiliser applications on the 
Darling Downs, Queensland, 1988. 
Source: (CSIRO and Queensland Department of Agriulture and Fisheries and AgResearch 
Ltd., 2016). 
 
For various selected scenarios such as farm size and irrigation volumes, APSIM is used to 
provide the physical data (crop yield in particular) so that estimates for profitability can 
then be made.  It has the capacity to be used to evaluate various farm input characteristics 
such as plant species and varieties, livestock species, breeds and age classes, soil water 
and fertility and management, which could simulate many outcomes such as: 
 plant growth (crops, pasture, trees, weeds)  
 animal live-weight gain, reproduction, wool production  
 soil processes (water balance, solutes, nitrogen, phosphorus, carbon, pH)  
 surface residue dynamics (e.g. rate of stubble decomposition) and erosion  
 dryland or irrigated systems  
 a range of management options (e.g. different irrigation volumes)  
 crop rotations, fallowing and combinations of these  
 pests and diseases  
 short- or long-term effects of using irrigation water such as CSW.  
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2.6.4 Social impact 
While the social impact of the CSG industry has been discussed in the literature there are 
few studies dealing with the issues relating to CSW provision.  Provision of this water has 
special social considerations because it is unclear how landholders can make best use of 
CSW, how they may convert their enterprises from dryland to irrigation and what factors 
influence their decision-making about the incorporation of irrigation into their business.  
The social impact this provision has had on the rural community including the potential 
changes to traditional farming practice are important for determining its impact on 
delivering sustainable agriculture which is a central issue for this thesis. 
 
Everingham et. al. (2015) describes the resources boom in Queensland and consequent 
environmental and social conflicts in traditional agricultural areas. They cite Bourdieu’s 
work which examines the social space in which these conflicts arise and how control of 
resources often prevails in determining the new power structures and the social space in 
which they operate (Bourdieu P, 1989, Everingham et al., 2015).   The contention is that 
the most influential individuals and farming families are those with the largest and most 
profitable holdings and the traditional hierarchy based on this has been disturbed by the 
arrival of large mining interests.  Everingham et al (2015) found that the CSG industry 
contributed 23% to the Gross Regional Product in the Western Darling Downs compared 
with 12% for agriculture in 2011-12. The paper suggests that those who embraced this 
change stood to gain in power and influence while those who resisted stood to be 
dispossessed of their status. 
 
Some other studies took a different view.  McManus and Connor (2013) refer to the loss of 
control of land resources in their study in the Upper Hunter Valley of NSW of the 
expansion of coal mining interests and CSG activities (McManus P and Connor L, 2013).  
This study refers to marginalisation of rural life with a decline in rural production and a 
deterioration of environmental and social dimensions.  The authors found that the only 
rural producers who were capable of resisting the economic power and influence of the 
mining interests were the thoroughbred racing industry and to a lesser extent the viticulture 
industry. The study suggests that these landholders could only withstand these pressures 
because of their own economic power which could be used to yield political influence.  The 
disparate farmers and graziers who were unable to resist the changed situation either left 
the district or found new ways to accommodate the industry through employment or 
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service provision.  For many, economic survival in the district required them to seek 
employment from the mining companies.  Cottle (2013) claims that this accommodation 
has been at the cost of the environment and through social sacrifice in the form of loss of 
communal amenity (Cottle D, 2013). 
 
McCrea et al (2014) are less pessimistic about the overall costs compared with the 
benefits from the CSG industry.  They claim that the economic benefits from mining can be 
translated into community resilience which can then be transformed into community 
wellbeing.  However, they acknowledge that their analysis of the CSG industry impacts on 
the Western Downs showed an initial sense of loss of community wellbeing and that future 
capacity building provided only a theoretical potential for increased community resilience 
(McCrea R et al., 2014). 
 
Of particular relevance to this thesis is the analysis of Paragreen and Woodley (2013).  
They state that the CSG industry in the Chinchilla district has caused significant disruption 
to the social fabric in the form of power imbalances, community identity and inequitable 
distribution of benefits.  They found that the company’s social licence to operate was 
significantly impacted by issues such as management of water resources on which the 
agricultural community placed a very high value.  They point out that unlike rural producers 
the CSG companies have unrestricted access to draw water from already over allocated 
ground and surface water sources in the district.  This paper includes discussion of the 
impact of CSW in these areas as well as the general impact of the CSG industry.   The 
impact of this water is said to be causing tension between those who stand to gain from 
the provision of CSW compared with those who do not (Paragreen N and Woodley A, 
2013). 
 
The conclusion drawn from these papers is that even if there are demonstrable economic 
benefits from CSW these may not be translated into social benefits for individual farming 
families or even for the rural community at large.  This issue is explored in this thesis as it 
affects agricultural sustainability.   The thesis results which are presented in Section 4.6.2, 
show an interesting result which is supports some and refutes other literature.   
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2.7 Irrigation using CSW 
 
A key issue for this thesis is how and why CSW is used for irrigation purposes.  Ordinarily 
it would be the case that the cost of its provision by the supplier would be a crucial factor.  
This is complicated in the case of CSW because the CSG were obliged to treat this water 
and dispose of it in some way.  This meant that cost was less relevant although obviously 
it would need to be considered in the overall estimation of CSG production costs.  
Because of this it is reviewed here but only because if the economics of CSG production 
was to become unviable then production of CSW would also cease.  Following this 
discussion, other factors relating to CSW irrigation are reviewed including irrigating with 
saline water and the use of recycled water for irrigation as a precedent for irrigation with 
treated water. 
2.7.1 Cost of CSW treatment 
 
The cost of treatment of CSW is a major component of the cost to produce and deliver this 
water to potential users.   This could be a significant limiting factor in delivering this water 
to potential users as not only would the treatment costs be substantial but storage and 
delivery to potential customers who may be a considerable distance from the processing 
plant would need to be considered.  On this basis, only users close to existing treatment 
plants or can be supplied via existing irrigation systems such as rivers, channels and weirs 
are likely to be to be offered this opportunity. 
 
The costs for CSW treatment in Australia are commercially confidential.  However, there 
are some indicative figures which may provide guidance (Fell Consulting Pty Ltd, 2014). 
Table 3, provides estimates of the cost of treatment for seawater.  Several major seawater 
desalination plants using reverse osmosis (RO) have been built in Australia in recent 
years.  The Kwinana and Gold Coast RO plants are approximately the same size as the 
Kenya plant and these produce drinking water at a cost of $1.20/Kl to $3/Kl (over 
$1000/Ml) (Fell Consulting Pty Ltd, 2014). However, direct comparison cannot be made 
because seawater (TDS 35,000 mg/l) is 8 times more salty than CSW (average TDS 4000 
mg/l) which adds significantly to cost of treatment.  Against this is the fact that disposal of 
waste brine from the seawater plants can be made directly to ocean outfall which is a 
significant saving. 
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It is not possible to obtain reliable figures on the cost of CSW extraction and disposal in 
Australia but it is known that collectively gas companies in Queensland have invested 
possibly several billion dollars in reverse osmosis treatment and water management.   For 
instance, the Kenya water treatment plant near Chinchilla has been quoted as costing 
QGC over $1billion to establish although reliable figures have not been published (QGC 
Pty Ltd, 2013a).   Also the cost of running the plant and delivering this water to end users 
is not available.  However, it may be possible to estimate costs from similar plants built 
elsewhere. For instance, Table 12 shows the costs of six desalination plants in Australia.  
The total cost of constructing these six plants was over $12 billion (Fell Consulting Pty Ltd, 
2014). 
 
Table 12: Output capacities of Australian desalination plants, 2006 – 2011. 
Location Capacity 
GL/yr 
Capacity 
ML/day 
Expertise Established 
Kwinana, WA 45 121 Degremont 2006 
Binningup, WA 100 270 Valoriza, Agua 2011 
Adelaide 100 270 Acciona, Agua, 
Trility 
2012 
Gold Coast 48 125 Veolia 2009 
Sydney 91 246 Veolia 2010 
Melbourne 150 405 Degremont 2011 
 
Source: (Fell Consulting Pty Ltd, 2014) 
 
Given the cost and size of these plants and volumes of water treated are similar to those 
of some of the CSW treatment plants in Queensland this means that the cost of 
establishing these has been well over $1billion.  This is a significant investment and 
demonstrates that RO treatment leading to beneficial use in the form of irrigation is 
considered by industry as a viable option. 
 
Perhaps a more useful comparison for estimating costs for treatment of water comes from 
US data which has a long history of coal bed methane (CBM) production and the cost 
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estimation of CBM associated water treatment and disposal has been published (Eide E et 
al., 2010). RO treatment of CBM associated water is estimated at between $100 to $300 
per ML with additional costs for distribution, storage and delivery.  It is reasonable to 
assume the cost for treatment would be no less in Australia in fact given that most plant 
supplies are produced overseas these costs could be substantially more. 
 
From Table 13, it can be seen that the cheapest unit (running) cost CBM water treatment 
option is RO treatment although in order for this to remain the cheapest overall option this 
would probably require subsequent release to stream which represents a preferred US 
disposal mechanism over irrigation ( 5.4% compared with 0.6% - see Table 1, Section 
2.1.5).  The next cheapest unit cost option is soil amendment, then irrigation (some US 
water quality is good meaning a percentage can be used directly) then deep well injection 
and lastly evaporation although each carry different infrastructure and set-up costs (which 
are not included in the unit running costs). 
 
Table 13: Summary of CBM water treatment and disposal costs, 2003 - 2010. 
Disposal or treatment 
method 
Unit cost/barrel 
 
$ 
Capital equipment cost or 
access fee 
$ 
Deep well injection 0.50 – 1.75 
0.75 – 4.00 
3.00 – 5.00 
400,000 – 3M 
Fluid-bed resin exchange 0.12 – 0.30 325,000 
Fixed-bed resin exchange 0.15 – 0.60 na 
Sub-surface drip irrigation 0.16 – 0.24 6,000/acre 
Freeze-thaw evaporation 0.24 – 0.32 
0.75 – 1.00 
1.75M – 2.0M 
Reverse osmosis 0.01 – 0.10 
0.01 – 0.03 
200,000 – 2.0M 
Land applied soil 
amendment 
0.06 – 0.45 Water infrastructure 
3,000 – 5,000/acre foot 
 
Source: (Eide E et al., 2010) 
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From Table12 and other US data (Section 2.1.5), it seems RO treatment and use of 
associated water in irrigation is probably the cheapest beneficial use option.  It was found 
to be three times cheaper than direct application and soil amendment (the preferred 
method of Santos), at least five times cheaper than aquifer re-injection and up to 10 times 
cheaper than evaporation and disposal of residue.  Therefore the legislative requirement 
for coal seam gas companies not to use evaporation for disposal is probably redundant 
given its comparatively greater cost.  
 
It is an interesting and somewhat surprising result that RO treatment and irrigation is 
cheaper than soil amendment but this probably relates to the cost of chemical application, 
water management and monitoring.  This explains why RO treatment remains the 
preferred method of disposal for most companies with only Santos using the soil and water 
amendment route (Khan S and Kordek G, 2014, Santos, 2014).   It also means that 
managing the soil amendment process probably requires a high level of management and 
investment which is beyond the resources of most private users.  Consequently this 
method, along with all treatment and beneficial use methods for irrigation using salty 
groundwater requires a special set of circumstances, including in this case, significant 
investment from large resource companies .   
 
The preferred disposal route chosen in the US is further illustrated in Figure 18, which 
shows that the capital costs significantly favour stream and sewer disposal followed by 
irrigation then aquifer injection then evaporation (Mickley M, 2009).   Unfortunately, there 
were no quantitative data to directly back up this figure but the depiction that surface 
discharge is cheaper than injection and land application is logical.  What is surprising is 
that all other methods are significantly cheaper than evaporation.  This is possibly due to 
the high cost of storage.  
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Figure 18: Relative capital costs of CBM water disposal 
Source: (Mickley M, 2009). 
 
In Australia, the first two options (surface discharge or sewer) would be regarded as 
undesirable by environmental authorities as they are contrary to government policy 
although could be used as a short term option to deal with production or environmental 
circumstances. Interestingly, aquifer injection becomes more viable at higher water flows 
whereas evaporation is only viable at low flow rates, which probably explains why this was 
used in the initial feasibility trials for CSG production in Australia (Khan S and Kordek G, 
2014). 
 
2.7.2 Irrigation Using Saline Water 
 
As discussed in Section 2.1.8, CSW can be used directly for irrigation if it has low salt 
content, after chemical treatment or processes to remove the salt. Given that CSW has an 
average salt content of 5,000 ppm in Queensland treatment is generally necessary.  As a 
result the CSG companies in Queensland either treat the water and/or soil chemically 
using a process called an associated water amendment facility (AWAF) (Macfarlane D and 
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Dalzell S, 2014) or by reverse osmosis (RO) (APLNG Pty Ltd, 2013).  The former process 
is designed to render the salt harmless to plants whereas the second process removes it 
totally (Timms W et al., 2011, Silburn D et al., 2011, Frontier Economics, 2011).  
 
The AWAF process is essentially has three stages.  The first stage is a chemical 
amendment process which adds prescribed quantities of sulphuric acid and micronised 
gypsum directly to the raw CSW.  The second stage involves addition of RO permeate 
blends and the third stage involves Land Amendment Irrigation (LAI).  LAI includes 
applying suitable quality chemically treated CSW to suitable soils with surface addition of 
prescribed quantities of sodium bentonite, sulphur and agricultural gypsum (Macfarlane D 
and Dalzell S, 2014).  
 
There are various benefits and costs attached to the two main methods of CSW treatment 
depending on the situation.  This comparison is not reviewed in this thesis primarily 
because only RO treated water is used in the study area but also because there is no 
economic data available. 
 
Before considering whether untreated CSW is suitable for irrigation it is necessary to 
compare it with other salty and brackish water supplies which may be used for irrigation.  
Figure 19, gives a comparison of the salinity of various CSW supplies in the Surat Basin 
and with other common sources. 
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Figure 19: Average salinity for different water sources. 
Source: (Davey A, 2014, QGC Pty Ltd, 2014, QGC Pty Ltd, 2013b, Department of Natural 
Resources and Mines, 2013) 
 
While raw CSW is treated (using AWAF) and used by Santos in the northern parts of the 
Surat CMA there are no proposals for its use by companies currently operating in the 
study area.  Despite the fact that untreated CSW will not be used in the study region, the 
reason why it is important is because there is evidence (Australian Bureau of Statistics, 
2008) that bore water with some salt is being used for irrigation and could be used in the 
study area.  It could potentially also be used more extensively and may be an important 
future source of water to extend the life of irrigation projects.  That said, there may be 
better alternatives such as water from the proposed Nathan Dam on the Dawson River 
which is north of the study area (Section 2.8.2). 
   
While there is no publically available literature directly describing the use of CSW for 
irrigated agricultural production in Australia, there is extensive literature about the use of 
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salty water for irrigation.  The University of Southern Queensland (USQ) is continuing work 
specifically on the use of CSW  in agriculture (Raine S and McHugh A, 2014).   
 
Raine and McHugh (2104) are conducting laboratory tests on the effects of CSW on 
plant growth and its effects on soil structure and long term production.  They are making 
recommendations relating to sustainable land application options for disposal of CSW.  
This research is important to determine the potential effects on soil hydraulic conductivity 
due to the application of treated CSW and the effect of sodium absorption ratio (SAR) at 
given electrical conductivities on soil permeability due to dispersion of clays. 
 
They are also doing research into linking the nature and extent of actual and potential soil 
damage caused by the different elements of CSW and investigated methods for avoiding, 
managing or remediating soil quality impacts. Research activities will develop guidelines 
for minimising and remediating soil damage based on-farm case studies. A range of 
alternate uses for CSW has also been assessed which includes a comparison of the 
benefits, costs and feasibility of these uses with those of re-injection options. 
 
USQ is collaborating with the Gas Industry Social and Environmental Research Alliance 
(GISERA) in a land research program into the preservation of agricultural productivity and 
protection of strategic cropping land under CSG mining operations. They are also 
collaborating on research into the impacts of CSG and mining operations on the security of 
the regional groundwater resources. 
  
Other research institutions such as the University of Tasmania (UTAS) are also conducting 
research into irrigation using CSW.  Their work has mainly focussed on field trials of 
growing halophytes (salt tolerant species) using CSW (Panta S, 2014).  This research 
shows that crops can be successfully grown but their commercial feasibility is unknown. 
 
Ezlit et al (2014), show that in order to manage salinity and sodicity on the Darling Downs 
it is necessary to ensure regular and sufficient leaching and management of soil structure.  
These problems can occur even if low salinity irrigation water is used because soil salts 
can be mobilised under continuous irrigation conditions. This is made worse under high 
temperature and evaporative conditions because salt concentrations increase. These 
processes are very complex and in order to manage these conditions careful modelling 
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and monitoring of individual properties is required.  Where necessary the salt and sodic 
conditions can be managed by blending irrigation water and amending this and soil with 
gypsum and by reducing evaporation with drip irrigation and covering the ground and 
irrigation channels. 
 
Another option for use of saline irrigation water and continuous irrigation with any water is 
to apply this to salt tolerant crops and species.  These could be economic crops or for 
fodder crops for grazing stock.  A considerable amount of work has been done in this field 
in Australia and overseas and including for the use of CSW.  A promising area of research 
and application has been in the use of CSW for irrigation of halophytes (Glenn P, 1999) 
which are salt tolerant crops (such as salt bush and quinoa).  Their use on the Darling 
Downs is not proven although the University of Queensland is conducting trials with 
Santos on growing Rhodes Grass (halophytic grass) and leucaena (salt tolerant 
leguminous shrub) as fodder crops and early results are very promising (Macfarlane D, 
2014). 
 
One major advantage of halophytes is that they are capable of accumulating sodium 
chloride in their tissues and if high volumes of biomass can be produced this may be 
removed from the soil in form of dry matter or forage.  Research by the University of 
Tasmania (Panta S, 2014) shows that halophytes offer considerable potential to reduce 
soil salinity by removal of salt from the soil, reducing evaporation and lowering the water 
table.  Their beneficial use in this regard can also be enhanced by promoting their growth 
through irrigation, soil tillage to increase salt leaching and management to improve soil 
fertility and productivity.  In this way halophytes can be used to control salt accumulation 
and to remediate previously salt affected land. 
 
While there may be many opportunities to grow new and promising crops by irrigating with 
raw CSW this is considered out of scope for this research thesis.  This is because this 
form of irrigation mostly uses the AWAF technique previously described which is not 
applicable to the study area.   This study only analyses the feasibility of crop growing using 
RO treated water with proven technology to grow conventional crops and the landholder 
decision- making and economic transition involved.   However, irrigation with CSW for 
conventional crops with traditional farming systems is still a new and not widely applied 
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technique.  With further experience higher value or more innovative crop species may 
potentially be included in farming systems with potential improvement to farm profitability.   
 
The work proposed in this thesis has some similarities and some differences from other 
work in this field.  Most of the current work in the use of salty water for irrigation is 
theoretical (laboratory) or technical in nature and this does not guarantee economic 
viability or sustainability.  This work could be considered important in determining 
economic viability for farm enterprises and is reviewed accordingly.  For this reason this 
thesis examines both the technical and economic feasibility although in relation to the 
technical feasibility it relies mostly on the published work of others and qualitative 
assessments from farm surveys.  This is because there is no published data on the 
quantity of CSW produced and made available in Australia.  
 
The use of saline water is common to many agricultural enterprises in Australia and 
overseas.  In fact, around the world much agricultural production relies on irrigating with 
water that has a high salt content (Karlberg, 2005).  There is also a widespread use of 
salty water to irrigate salt tolerant crops such as halophytes (eg quinoa).  There are also 
examples of the use of CSW in irrigation in the US (Ganjegunte et al., 2005).  As provided 
in Section 2.1.5, unlike in Australia, US data is published on the amount of CBM 
associated water produced and used. 
 
A promising area of sustainable production using CSW and saline water supplies would 
appear to be for growing salt tolerant species such as leucaena (The Leucaena Network, 
2014) and Rhodes grass (Qureshi R and Barret-Lennard E, 1998) and this would appear 
to offer considerable potential in Queensland.  This work clearly has a bearing on the 
technical feasibility of using CSW but is only of peripheral interest to this study because 
the use of these species is not currently present in the study area. 
 
The main issue or problem that could be encountered in the economic and technical use of 
CSW is that fact that its use along with all other sources of irrigation water needs to be 
carefully managed especially on vulnerable soils.  The Chinchilla study area for this thesis 
comprises a wide range of different soil types some of which would be unsuitable for 
irrigation.  This is a potential problem for widespread and indiscriminate use of CSW 
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throughout the study area and for this reason these issues are covered in some detail 
(Section 2.2). 
 
The cost of treatment may become an issue for supply of treated water if cost pressures 
arise as a result of other factors such as a fall in the global LNG price.  Therefore the cost 
of water treatment and supply to users is a company cost which will have a bearing on 
user’s access but this issue is considered outside of the scope of research.  The next 
section will focus on other environmental concerns and beneficial use options. 
 
2.7.3 Recycled water for irrigation 
 
Brennan et. al. (2008) undertook modelling to determine if individual farmers on the 
Darling Downs would be willing to invest in the use of recycled water irrigation and deal 
with the associated risks such as; 
 what effect the additional supply of water will have on crop yields and year-to-year 
yield variability over a whole farm; 
 what the costs/benefits of recycled water irrigation will be on current or new 
cropping systems; 
 which crop rotations and irrigation allocation strategies maximise economic and/or 
environmental benefits from the additional water supply; 
 what the implications will be from using recycled water in relation to root-zone 
salinity and what management strategies will minimise on- and off-farm salt related 
risks; and 
 how the utilisation of pre-existing water resources will be affected? 
 
The model used by Brennan et al (2008), is discussed in-depth here because it is directly 
applicable to the use of CSW13.  The Brennan et al (2008) work was based on a simulation 
which accounted for all water inflow and outflow and enabled a farmer to adjust some 
inflows such as bore pumping to reflect the fact that constant amounts of recycled water 
was entering the on-farm water storage (OFWS) often referred to as a “ring tank” (above 
                                            
13 
 The author believes that where the term “recycled water” is used the term “treated CSW” could similarly be applied in a modelling 
context. 
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ground circular mound to contain water).  Water flows involved in this model are illustrated 
in Figure 20. 
 
 
Figure 20: Biophysical Model Framework 
Source: (Brennan et al., 2008) 
 
The economic evaluation of various management and investment alternatives for recycled-
water use was conducted using partial budgeting. This approach was used to assess a 
proposed change within the overall farm plan, and it only considered aspects of the farm 
business that would be affected by the use of recycled water. These changes could be 
accounted for by an additional annual net return calculation that considered any increases 
or decreases in gross income and costs. The calculation specifically was: total annual 
gross margin ($/ha multiplied by area of crop) from new crop activities under the recycled-
water scenario less total annual gross margin of forgone crop activities less additional 
annual fixed or overhead costs. The use of recycled water was financially worthwhile when 
the additional annual net return was positive. Partial budgeting was used in the analysis to 
support sensitivity and risk analyses. For example, varying the parameter values in the 
partial budgets identified break-even circumstances. 
 
Two scenarios were applied (Brennan et al., 2008). In the first scenario the farmer 
received 1000ML of recycled water over the course of each year and opted to double his 
irrigation area to 324 ha. All other management conditions remained unchanged. There 
was a substantial displacement of overland flow transfer, which occurred in just 16 of the 
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45 years (averaging 56 ML/year). Overflow increased substantially to an average of 123 
ML/year, reaching as much as 468ML in one year. This reflected the fact that the volume 
of recycled water received matched the capacity of the OFWS and that the irrigation 
demand from 324 ha of irrigated cotton was well within the supply limitations.  
 
This prompted the development of the second recycled-water scenario in which the 
irrigation area was trebled to 486 ha and the OFWS capacity increased to 1800 ML. As 
expected, this resulted in an increased irrigation demand (909 ML/year to 1227 ML/year), 
a decline in overflow from the OFWS (123 ML/year to 0 ML/year), and an increase in 
overland flow transfer (56 ML/year to 268 ML/year) compared with recycled-water scenario 
1. This suggested that there was potential to expand the irrigation area (and hence 
demand) further beyond that simulated in the second recycled-water scenario. 
 
On average, for all recycled-water prices investigated, investing in recycled water was 
feasible for both recycled scenarios because additional annual net return was positive as 
shown in Table 14. For example, with a recycled-water price of $150/ML, an average 
additional annual net return of $214 050 was expected under the first recycled-water 
irrigation scenario, compared with the benchmark situation. This amounted to $250/ha 
additional return each year. At this price, 1ML of recycled-water irrigation generated an 
average return of $214, and with a $0/ML price, returned $364/ML. This represented the 
highest price that the farmer could afford to pay for the recycled water before it would 
become uneconomical to change from the current system of irrigation using traditional 
(unreliable) water supplies. 
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Table 14: Average cash return for recycled water. 
Recycled water 
price 
 
 
Mean additional annual net return 
$ $’000 $/ha $/ML 
Recycled 1 
0 364 426 364 
100 264 306 264 
150 214 250 214 
200 164 192 164 
250 114 133 114 
Recycled 2 
0 630 737 630 
100 530 620 530 
150 480 562 480 
200 430 503 430 
250 380 445 380 
 
Source: (Brennan et al., 2008) 
 
In the case study presented here by Brennan et al (2008), the receipt of a continuous 
supply of recycled water into on-farm water storages led to the occasional displacement of 
overland flow into and out of the OFWS. The implications for the utilisation of this 
displaced water present a potential trade-off between production and environmental 
benefit. For the environment, the benefits are in terms of increased overland flow of water 
to rivers, resulting in benefits in terms of the health of the river system14, and reduced 
reliance on groundwater aquifers and the fact this water could potentially be used by 
others downstream. Alternatively, farmers may reduce the extent to which displacement of 
current water sources occurs by considering greater utilisation of existing water through an 
                                            
14  However benefits of environmental flows are not guaranteed because increased flow can adversely impact aquatic ecosystems, disrupt 
reproduction and increase pest distribution and prevalence. 
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increase in cropping intensity, expansion of existing irrigated area (if possible), or more 
intensive irrigation of existing lands.  
 
Water displacement is a potentially sensitive issue and the modelling framework presented 
by Brennan et al (2008) provides a capability to explore some of these potential trade-offs. 
This case study also demonstrated how receipt of a fixed allocation of recycled water that 
must be accepted in full often resulted in overflow from the OFWS. This not only 
represents an inefficient use of purchased water but this may also trigger a range of 
community concerns and environmental action covered by legislation (Department of 
Environment and Heritage Protection, 2011).  This would be as true if not more so for 
CSW although being “free water” might influence an irrigator’s management of this and if 
RO treated would probably be difficult to differentiate (and therefore monitor) from other 
surface flow.  
 
An important consideration is the effect of additional water applied to certain soils and its 
effect on the salt balance in the root zone as well as salt contributions to the groundwater 
below the root zone associated with deep drainage (Biggs, 2012). These effects are 
closely associated with above-ground water and crop management practices and it would 
be possible to use modelling and real life farm surveys to evaluate various cropping 
systems that are effective in minimising water and solute movement on and off farm 
(Silburn D et al., 2011). 
 
The Brennan et al (2008) study is thought to be particularly applicable to this thesis 
because it shows that various irrigation scenarios could be used for CSW use although 
certain differences would need to be accounted for between recycled water and CSW.  
These include that recycled water is “priced” and is only available in close proximity to 
urban centres and agricultural users would have to compete with urban users for its use. 
CSW on the other hand is temporal, rising then declining in production and is sometimes 
limited to remote locations.  
 
While Brennan et al (2008) modelled the potential economic benefit from use of recycled 
water in irrigation the evidence is that it has not been widely used for irrigation in 
Queensland (Australian Bureau of Statistics, 2008). The reason for this is that its 
availability is mostly in or close to urban areas and where farming opportunities are limited. 
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2.8 Sustainable water use 
 
Sustainable water use and its contribution to sustainable agriculture is one of the most 
important issues in relation to this industry (Tree Crop Technologies P/L, 2013).   The CSG 
companies have addressed this issue from a public relations point of view and they have 
published reports specifically to address it.  These reports are discussed here for each 
respective CSG company. 
 
Arrow Energy produced a sustainability report in 2013 to demonstrated how they would 
achieve sustainable water use (Arrow Energy, 2014c). Unfortunately, no definition was 
provided of what this meant.  This paper seems to conflate the issues about the industry 
successfully “coexisting” with agriculture as evidence that it is enabling “sustainable” 
production (Arrow Energy, 2014c).   This report lacks a clear description of what delivering 
sustainability entails. 
 
APLNG also state that its water practices are sustainable (APLNG Pty Ltd, 2015).  It 
states; 
 
“that the water we extract in CSG production is taken from coal seams, not from the 
aquifers used by land holders that generally lie hundreds of metres above.  We treat this 
water to better than Australian water quality standards before supplying it to local 
waterways and aquifers or for agriculture and; 
 
1. Coal seam water is different to water that farmers use 
2. Coal seam water is generally too salty for use 
3. We treat CSG water to Australian water quality standards 
4. Salt in CSG water is separated from the surrounding environment 
5. The amount of water involved is CSG activity is small 
6. Gas has a long history of occurring naturally in water bores.” 
To support point 1, APLNG provides Figure 1 in Section 1.2.  APLNG refers to this figure 
by saying; 
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“The Great Artesian Basin (GAB) comprises many different geological layers. Some of the 
layers, such as sandstone, are porous and water is able to flow through them. These are 
known as aquifers and are the layers typically accessed by farmers and others for 
groundwater supply. 
 
Below the main aquifers used for water bores are denser geological rock layers that are 
much less permeable and do not allow water to pass through them freely. These are called 
aquitards. The coal seams from which CSG is produced are generally much deeper than 
the commonly used GAB aquifers and are also often surrounded by thick aquitards. 
Water produced by the CSG to LNG industry in Queensland over the next forty years (the 
time to complete the current CSG to LNG projects) will be about half the amount taken by 
other users in the same geographical area over the same time. Compared to the annual 
natural recharge of the Great Artesian Basin, the amount of water extracted by the CSG 
industry is small. 
 
Graziers, farmers and others mainly take water from the sandstone aquifers that are well 
above the coal measures that hold the coal seam gas.” 
 
This claim by APLNG is based on the fact that the water it extracts is small compared with 
GAB water extracted by other users. This is shown in Figure 14 in Section 2.3.1. These 
figures show that groundwater extracted by CSG companies in the Surat basin is about 
30% of all use by others.  This claim is not supported by government figures which shows 
that the industry extracts nearly 80% of all groundwater (GAB and non-GAB) extracted by 
others in the Surat basin (Office of Groundwater Impact Assessment, 2012).  However, it 
extracts 200% (ie twice the amount) of the water extracted from GAB aquifers in the Surat 
basin by other users (Office of Groundwater Impact Assessment, 2012).  This could have 
serious implications for sustainable extraction of groundwater depending on the recharge 
rates.  This is predicted to take 30 to 80 years after the cessation of the industry (Office of 
Groundwater Impact Assessment, 2012).  This period is forecast to commence in 40 years 
and these effects will be longer for some aquifers such as the WCM than for others. 
 
It is also important to acknowledge that there are important industries that extract water 
from the WCM such as intensive livestock industries and processing plants.  It will be 
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important to monitor how these industries are impacted during and subsequent to the 
cessation of the CSG industry.  
 
In relation to QGC the issue of sustainable water management is addressed in QGC’s EIS 
(QGC Pty Ltd, 2013b) as follows; 
 
“QCLNG's success rests fundamentally on maintaining the long-term integrity of the GAB, 
ensuring minimal impact on the sustainability of local and regional ground and surface 
water resources and mitigating impacts on ecological systems considered to be MNES at 
springs associated with GAB strata. To achieve these objectives, QGC's strategy is: 
 
 Developing robust water management tools 
 Establishing an extensive monitoring network 
 Calculation of early warning signals and response actions 
 Quantifying and managing potential risks and developing response strategies 
 Implementation of responsible CSG water management and beneficial use options.” 
(QGC Pty Ltd, 2013b). 
 
From the above, it can be concluded that QGC acknowledges that there are sustainability 
impacts from their water extraction activities which will be monitored and remediated 
wherever possible. 
 
With respect to Santos the issue of sustainable water management is covered in their coal 
seam water management strategy as follows: 
 
“The objective of the coal seam water management policy is to encourage management of 
coal seam water in a way that protects the environment and maximises its productive use 
as a resource. To achieve this objective the management and use of coal seam water 
should be consistent with the following hierarchy; 
 
Coal seam water should be used for a purpose that is beneficial to one or more of the 
following; the environment, existing or new water users and existing or new water 
dependent industries. 
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After feasible beneficial use options have been considered, coal seam water should be 
treated and disposed of in a way that firstly avoids and then minimises and mitigates 
impacts on environmental values. 
 
In relation to management of saline waste, brine or salt residues should be treated to 
create useable products whenever feasible and after assessing feasibility, disposal should 
be in accordance with strict standards that protect the environment.” (Santos, 2013). 
 
This statement by Santos provides a reasoned approach to improve sustainable 
agriculture.  It claims to optimise CSW beneficial use without purporting to deliver 
sustainability in all areas.  In this sense, its activities are designed to deliver economic 
sustainability while trying to minimise social and environmental disruption.   
 
Given the sensitivity in the community about environmental impacts from mining activities 
most resource companies make strenuous efforts to minimise environmental impacts and 
government authorities legislate and monitor these activities to ensure minimal impact.  
The Federal Government provides reporting guidelines for mining companies to report how 
to achieve ecologically sustainable development (Department of the Environment, 2003). 
 
Because CSW is going to be produced for approximately 40 years it might be thought that 
at the end of this period this will be the end of increased agricultural production from this 
source and a cessation in sustained agriculture from this source.  However, if this water is 
replaced (wholly or partially) from other sources then it is possible that a long term industry 
could be established with the CSW as the initial “seed resource15.”  On this basis CSW 
could be viewed as establishing a sustainable industry but only if alternative sources of 
water can be found once the CSW is exhausted.  In other words the use of CSW could 
lead to the development of an economically viable industry if it is viewed in the context of 
all water sources.   
 
                                            
15  Agricultural users will still need to compete for use with other consumers willing to pay more.  For this reason agricultural producers 
will need to ensure their NPV calculations for investment decisions are sound.  Some new crops such as pongamia offer high gross 
margins but this new crop does not have established markets and the risks could be high. 
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The fact that the CSW is not lost but may be converted to a cleaner or more usable form in 
the region in which it is used supports the concept it may be renewed over time but this 
does not necessarily mean that it will establish a sustainable industry.  What is perhaps 
more certain is that it has the potential to create new enterprises based on the fact that it is 
new water resource16. Even on these limited terms this seems worthy of investigation 
because it has the potential to generate significant agricultural output which could 
generate significant income for the state of Queensland.  What is important from this 
discussion is that sustainability (economic, social and environmental) is important to 
determine the economic viability of using CSW for irrigation. 
 
From an economic perspective there is no doubt that the CSG industry, with concomitant 
CSW, has contributed greatly to the economic sustainability of local communities, local 
economic output, town expansion and regional growth.  This will continue well after the 
cessation of the CSG industry.  Evidence for this can be provided by the fact that towns 
and cities in Victoria were built on a gold rush which ceased over 100 years ago.  
 
It may be thought that sustainable water extraction of CSW is not an issue because the 
water comes from non-traditional water source aquifers and thus could be termed “new 
water.” On this basis its extraction and use would be additional to current water supplies 
from other sources.  It could also be argued that because its production is only for the life 
of the CSG industry (which has been put at about 40 years in Queensland) it is not going 
to have a long term impact and will be replenished naturally.  On this basis, it could be 
concluded that CSW extraction and use is not a major issue for long term environmental 
impact especially as replenishment of the WCM (a salty aquifer) is not a major concern for 
impacting sustainable agriculture. 
 
Replenishment of the Condamine Alluvium (CA) is a much more important issue as this is 
a major source of irrigation in the study area.  Its over-extraction is the result of excess 
provision of irrigation licences (Murray Darling Basin Authority, 2012).  This is where CSW 
                                            
16  if the water is extracted in one part of the basin and then transported to another region for use (e.g. via the pipeline to the Chinchilla 
Weir) water from one groundwater management area is being used to provide irrigation opportunities in another area and any water 
that does filter down will be stored in a different aquifer system. So it might not be lost to the Surat Basin, but it will be lost from the 
‘home’ region.  For simplicity this local environmental effect will be ignored in this evaluation. 
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could have possibly made a significant contribution to replenishing or substituting for this 
water which would have made a significant contribution to sustainable agriculture (ignoring 
existing practices which may not improve sustainability). 
 
Despite this, one should recognise that localised impacts may be greater than regional 
ones.  For instance, when water is extracted from a gas well, groundwater levels decline in 
the area immediately surrounding the well. If there are multiple gas wells adjacent to each 
other, the impacts on local water bores (especially those in the same aquifer) could be 
significant.  These impacts could also exacerbate sustainable production of water from 
adjoining irrigation source aquifers (Hillier J, 2010, Office of Groundwater Impact 
Assessment, 2012).  This is why a cumulative approach is required for the assessment 
and management of groundwater level impacts. In Queensland, where this situation exists, 
a Cumulative Management Area has been established for the Surat Basin. Within a 
Cumulative Management Area the Queensland Water Commission is responsible for 
assessing impacts and establishing integrated management arrangements in an 
Underground Water Impact Report (Office of Groundwater Impact Assessment, 2012). 
 
The issue about declining groundwater levels in Australia is becoming an increasingly 
important issue with respect to sustainable extraction and recharge rates (Macinnis-Ng 
and Eamus D, 2009).  This issue is discussed in more detail in the results (Chapter 4) as 
this impacts the decision making of some landholders whether they used CSW or not.   
 
Under Queensland legislation, petroleum and gas operators have the right to extract 
groundwater in the process of producing petroleum and gas because the water and the 
gas are intimately connected.  The Surat Underground Water Impact Report forms part of 
the regulatory framework for managing the impacts of this groundwater extraction (Office 
of Groundwater Impact Assessment, 2012). 
 
However, even though this activity is permitted, and it is argued by many that any adverse 
impacts are outweighed by the benefits, this does not mean that CSW should not be used 
in the most beneficial way and for the benefit of the most people and the environment. This 
is discussed in chapters 5 (Discussion) and 6 (Conclusion). 
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The literature review into the CSW effects on sustainable agriculture is a useful 
contribution but it is not conclusive.  It is found that this issue has economic, social and 
environmental dimensions which are not fully covered by the literature.  This leads to 
describe the research gaps and the research questions that will need to be addressed by 
this thesis.   This is discussed in Section 2.9.   
 
Before the research questions (Section 2.9) there are several important issues to review 
about how sustainable water use could be improved in the study area. Improved 
sustainable water supply would come from building Nathan Dam. While its construction 
may be unlikely its potential should not be ignored.  Also of relevance is the issue of 
improved water storage and access achieved by reinjection.  Both these issues are 
discussed following discussion of another important issue affecting sustainable water use.  
This issue comes under the heading of “water reform” which is discussed in the next 
section.  
 
2.8.1 Water Reform 
  
There is a commitment by all Australian state governments to increase the efficiency and 
sustainability of water use.  This culminated in a 2004 Intergovernmental Agreement for a 
National Water Initiative (NWI) which is widely referred to as “water reform.”   The aim of 
water reform is develop a binding commitment by all jurisdictions to sustainably manage 
surface and groundwater resources for rural and urban use. The NWI sets out principles 
by which surface water and groundwater resources are to be determined for the states. It 
provides a detailed method to address over-allocated river and groundwater systems to 
improve the economic efficiency and environmental sustainability of water resources 
(National Water Commission, 2014).  This particularly affected the MDRB because much 
of the water in this catchment from surface rivers and groundwater has been over-
allocated for irrigation. 
 
In their review of national water reform measures Hellegers and Leflaive (2015) claim 
water reform has a political dimension preventing optimal water allocation.  This is 
reflected in water allocation objectives determined at the national level not necessarily 
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being delivered by state jurisdictions because they are required to meet competing local 
demands (Hellegers and Leflaive, 2015). 
 
In 2007, the national government committed to spend a total of $10billion to implement the 
NWI which included purchasing 2750 GL of water licences from MRDB irrigators to 
increase surface water flows and replenish groundwater for the environment.  Two-thirds 
of this target has been met.  The aim is to spend a further $2.3billion over the next four 
years to complete this task (Department of Environment, 2014). 
   
Among the primary methods to address over-allocation was to separate land and water 
entitlements, introduce sustainable limits of extraction termed sustainable diversion limits 
(SDLs) and introduce a market for water licences (Hamstead M et al., 2008). This included 
the introduction of a “buy-back” of irrigation licences to return more water for surface 
environmental river flow in the Murray-Darling River System and limit the extraction of 
groundwater in oversubscribed designated zones (Department of the Environment, 2014). 
Total allocation cuts are to be 20% with Queensland’s share being 175 GL or 1.3%. Of 
this, Queensland has already delivered 59 GL from water efficiency measures and licence 
purchases.  This leaves 75 GL of surface water and 40 GL of groundwater still to be 
recovered in the Condamine-Balonne catchment.  In order to contribute to these reforms, 
water efficiency measures such as capping and metering of artesian bores were put in 
place across the GAB (CSIRO and SKM, 2010).  Available water, SDLs, licenced 
extraction and current water use is summarised for the Condamine-Balonne catchment in 
2012-2013 in Table 15. 
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Table 15: Summary of water availability, current agricultural water use, the SDL and target 
for the Condamine-Balonne catchment, 2012-2013. 
 
Source Availability 
 
 
 
GL/yr 
SDL 
 
 
 
GL/yr 
Target 
 
 
 
GL/yr 
Agricultural  
and other 
use 
 
GL/yr 
Irrigation 
use 
 
 
Gl/yr 
Water use 
recovery 
 
 
GL/yr 
 
Surface water 
Condamine –
Balonne 
 
1363 971 796 791 572 174.5 
Groundwater 
CA and MRV 128.1 86.5 46.1 136.4 126.9 40.4 
GAB
17
 65.1
18
 9.4
19
 59.6
20
 9.4 - - 
CSW
21
 
 
100 - - 70 60 - 
Total  1656 1077 902 1007 759 215 
 
Source: (Department of the Environment, 2014, Department of Natural Resources and 
Mines, 2012b, CSIRO, 2008) 
 
From Table 15, it can be seen that surface water availability from the Condamine-Balonne 
catchment is 1363 GL/y with 791 GL/y, or 58%, being made available for agricultural use.  
Much of this water (~42%) is available for irrigation of crops and pastures.  The SDL has 
been set at 971 GL/y with a target of 796 GL/y, which is used as a cap (Department of the 
Environment, 2014). This leaves 175 GL/y to be recovered through willing landholders 
selling their water right to the government and through water efficiency measures such as 
capping of unused bores. 
 
In this catchment, water for irrigation is delivered by abstraction directly from the river 
channel and the Chinchilla Weir as well as harvesting of overland flow. Overland flow is 
                                            
17
 Strata within Great Artesian Basin(GAB) in Condamine-Balonne catchment  
18
 Long term average extraction limit 
19
 Total entitlement 
20
 Unassigned  
21
 Based on company estimates (Table 2)  
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not licenced and there are few published figures for the volumes of surface water 
harvested in the catchment.  KBR (2012) estimate that there is a total 320 GL of water 
storage in the Central Condamine Alluvium area dedicated to collecting overland flow.  It is 
known that overland flow represents a significant portion of water used for irrigation and it 
has a major impact on sustainable water use.  As a result the government has ceased 
issuing permits to divert water for this purpose in this catchment (Department of Natural 
Resources and Mines, 2014d). 
 
In 2012-13, the total volume of stream water abstracted from the Condamine-Balonne for 
irrigation was 572 GL/y. This supply is typically far less than the amount held by licences. 
Each year the amount of surface water to be released is based on expected rainfall and 
river conditions. Thus landholders expect only a portion of their surface water licence will 
be supplied each year. Only 21% of the surface water supply delivered through 
infrastructure (e.g. dams and weirs) is regarded as reasonably reliable and secure 
(National Water Commission, 2013). 
 
Groundwater in the QMDB represents on average 12% of all water available in any one 
year although it represents up to 60% in years when surface water supplies are limited.  
This makes the sustainable extraction of groundwater critical for maintaining agricultural 
production in the region.  The CA is a major source of groundwater for irrigation owing to 
its good quality, reliable and plentiful supply and coincidence with high quality soils. The 
SDL for the CA is 128.1 GL (Table 14). However, across most of the Condamine-Balonne 
catchment extraction exceeds rainfall recharge by more than 5 times and in the Upper 
Condamine annual groundwater extraction exceeds recharge by 38% (CSIRO, 2008).  The 
CSIRO (2008), stated that over-extraction of alluvial groundwater would have a long term 
impact on Condamine River stream flow. They estimated that current extraction rates from 
the CA will result in a reduction of stream flow by 30 GL per year. As a result the 
Australian Government has determined that water extraction from the CA is unsustainable 
and has commenced a buy-back of 40.4 GL of licences from willing sellers (Department of 
Natural Resources and Mines, 2014b). 
 
From Table 1, it can be seen that while groundwater from the CA is being recovered, the 
amount of unassigned water available from the GAB will become available as the 
government releases more licences (Department of Natural Resources and Mines, 2014e, 
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Department of Natural Resources and Mines, 2012a).  The problem with this program is 
that GAB water is not a direct substitute as it is generally held in deep strata and the cost 
of pumping is considerable.  For this reason most of this water will be used for high value 
activities such as industry and intensive agriculture including water for stock in feedlots.  
As a result the amount of water from the GAB which can be used for irrigation is unlikely to 
be significant.  This is in stark contrast to the amount of water which is available as CSW 
which can and is being used for irrigation. 
 
As a result of water reform, new irrigation licences have become virtually impossible to 
obtain in the Murray-Darling Basin which has caused existing licences to increase in value 
and resulting dryland properties to lose considerable value.  This means the cost of buy-
back will increase and there is limited opportunity for irrigated agriculture to expand in the 
MDB.  Faced with this increasing shortage of water there is a need to improve efficiency 
and productivity from existing resources.  Therefore, under water reform, most jurisdictions 
have enabled water licences to be traded on a permanent or temporary basis 
(Commonwealth of Australia, 2012).  This has the advantage of water being allocated to its 
highest value productive potential and it enables sustainable water use for agriculture.  As 
a result, irrigators are forced to be more careful with this resource and ensure the price 
paid for water reflects it potential for maximising profit. 
 
Returning to the issue of sustainable irrigation one of the hopes for CSW irrigators is 
where they might find replacement water once CSW runs out.  One of the hopes (perhaps 
unrealistic) for this is the Nathan Dam on the Dawson River. 
 
2.8.2   Nathan Dam on the Dawson River 
 
 
Within the study area irrigation is the Sunwater proposal (SunWater, 2013a) to build a 888 
GL Nathan Dam on the Dawson River.  Water from this dam is proposed to be transported 
via a 260 km pipeline from the dam site through the northern part of the study area to 
Dalby as shown in Figure 48 in Appendix I (SunWater, 2013a).  This pipeline will service 
agricultural users, coal mines, power stations and urban communities.  The pipeline will be 
capable of delivering 136 Ml/day although the dam has the capacity to deliver many times 
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this volume although much of the water is to be directed to northern and Dawson Valley 
users.  This proposed pipeline to Dalby currently does not include lateral spurs and 
presumably these will be needed to service a wider group of potential users in the study 
area. 
 
The proposal to build this dam has been in existence for nearly 20 years but its 
construction has been delayed by successful environmental challenges in court 
(Environmental Defenders Office, 2012).  The Sunwater EIS (SunWater, 2013a) to 
construct this dam is currently with the Queensland and Federal Governments for 
approval.  If successful it would be a huge benefit to irrigators in the study area because it 
would add to irrigation supplies and ultimately may replace much of the CSW for irrigation 
as these supplies diminish.  In fact the CSG industry and Sunwater irrigation projects are 
mutually supportive and would help improve the economics for potential irrigators.  
However the extent to which economic modelling reflects this is not known. 
 
The capital cost for the project is $1.4 billion and the time-frame for construction to 
commissioning is 3 years.  The dam has a functional life of 100 years which would be 
hugely beneficial to potential irrigators.  This dam if built will inundate the existing Glebe 
Weir which is currently in receipt of significant quantities of treated CSW.  Some of this 
water could also end up being pumped to the study area.  
 
Although the cost of provision of irrigation water to customers is not known the proponents 
have said that they will not be able to meet projected demand.  It would be of considerable 
benefit for CSW irrigators discussed in this thesis if the feasibility studies underlying the 
Nathan Dam proved feasible as these would ensure sustainable benefits for agriculture.  
The CSW irrigation industry may have contributed to this potential.  
 
Of interest in the Nathan Dam study is a description of the soils along the proposed 
pipeline and how water from this can be beneficially used in irrigation (Appendix I).  This 
water provision would have a significant impact on extending the benefits from CSW 
provision and delivering long-term benefits for sustainable agriculture.   
 
Another important issue is how the reinjection of CSW into a suitable aquifer could 
improve outcomes for sustainable agriculture.  This is the subject of the next section. 
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2.8.3 Reinjection of CSW into a suitable aquifer 
 
Reinjection of CSW into suitable aquifers is a suitable option to improve sustainable water 
use.  Previously this issue was reviewed in this review as the preferred option for water 
disposal in the US (See Section 2.1.6).  The reasons why this is not the preferred method 
in Australia is not described in the literature and remains unknown.  However, it appears to 
offer a number of benefits which are described in this thesis. 
 
The Healthy Headwaters Project conducted by the Department of the Environment found 
that reinjection of CSW potentially provided improved social, economic and environmental 
outcomes (Department of the Environment, 2010).  Within this project the reinjection of 
CSW into the Condamine Alluvium was chosen because this aquifer is over-utilised and 
offers an ideal opportunity to extend agricultural irrigation opportunities.  An extensive 
review of this literature is provided in Appendix K.  [The reason this material is provided in 
an appendix rather than presented directly here is that it would unbalance the literature 
review (it currently has equal coverage of economic, social and environmental issues) and 
a summary here is thought will convey the main points for consideration.]  
 
The Healthy Headwaters Project 8.1 found that reinjection costs of from $700 to $1000/ML 
did not justify the cost to make this a viable option. However, Project 8.3B found costs as 
low as $93/ML (Appendix K).  While no actual trials were conducted it seems the higher 
cost estimates are excessive because the Condamine Alluvium is shallow, being only 30 
metres below the surface in places.  The lower cost estimates are thought to be 
achievable if existing irrigation bore sites are utilised.  However, the piping costs to these 
bores are not accurately estimated. 
 
This issue is revisited throughout this thesis because of its importance to delivering 
sustainable agricultural outcomes.  Unfortunately, the literature was not conclusive 
regarding the costs of this option and the CSG companies would not provide figures 
regarding their reinjection trials. 
 
  
121 
 
The literature review has so far revealed that one of the most important issues remains 
how CSW can yield sustainable outcomes for agriculture.  The review has shed some light 
on this subject but there are still some research gaps.  These issues are discussed in the 
next section. 
 
2.9 Defining the research questions 
 
The literature review helped to provide a better understanding of issues posed in Section 
1.2.  It found many answers and partial answers to; 
 
Issue 1. How much CSW is available in what locations in Queensland? 
 
 Is it treated and how is it made available to potential users? 
 What is the cost to producers and potential users and how does this compare with 
other water sources? 
 What is the variability and sustainability of this production?    
 
This is addresse by reference to published material from various government, academic 
and company sources.  Answers to this question are widely addressed in peer reviewed 
literature. Answers to this question will help understand the importance of where CSW fits 
in the water resource balance equation for South East Queensland for potential water 
users.  
 
This question was comprehensively answered for total CSW produced but with reference 
to treated water this was mainly discussed with reference to the Chinchilla District.  This 
enabled some general conclusions to be drawn regarding the Surat CMA.  In relation to 
costs to producers, this was only partially reviewed with reference to US data but no data 
could be found on cost to users. The answer this question may never be known in the 
Australian context due to commercial sensitivity. The answer to the question regarding the 
cost to users would have to be evaluated by direct landholder interviews.  Similarly, some 
answers to the question on variability and sustainability were found but a full answer would 
only come from direct landholder interviews.  
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In Table 2 (Section 2.1.5), it was shown that while the US produces a lot more CBM 
produced water than Australia produces CSW, Australia has similar amounts of water 
available for beneficial use but 5 times the amount is for irrigation purposes.  The reason 
for this probably largely relates to the relative abundance of fresh water available for this 
purpose in the US although other reasons include the value that Australian farmers put on 
all water sources and the regulatory controls in Australia.  A better understanding of this 
issue is to be found from farm interviews described in Chapter 4. 
 
Issue 2. CSW extraction impacts on groundwater resources and other related issues 
such as;  
 
 How will CSW use improve or make this situation worse? 
 What does the current science say about connectivity and recharge of aquifers 
affected by CSW extraction? 
 Are current water sources such as water bores being affected and if so, are these 
affects being mitigated and compensated? 
 Could CSW be used as compensation or as an offset for over-use of other water 
resources?  
 
CSW extraction and its impact on groundwater resources is a complex issue as it depends 
on individual circumstances, government regulation, environmental impacts and consumer 
willingness to use this water.  The published literature provides some insight into this issue 
in terms of where the water is being used but answers to this question primarily come from 
farmer interviews.  A full answer to this question comes from an assessment of the 
perceived economic benefits from its use which is to be undertaken in economic modelling 
work (see Section 3.8). 
 
There is literature on this issue although the science is not resolved on the issues of 
connectivity and recharge of aquifers.  The conclusion is that concerns remain because 
there is some evidence to suggest connectivity between the CSW aquifers and other 
groundwater source aquifers.  This could impact the sustainability and recharge of 
important groundwater sources.  This is being dealt with in various ways for stock and 
domestic bores but there is no known compensation paid for irrigation bores on the 
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Condamine Alluvium. This question is raised with landholders to determine their views on 
this subject and whether it impacted their use of CSW. 
 
Sustainable extraction of groundwater has been an issue in Australia since at least the 
1960s.  There does not appear to be a clear consensus on the issues of connectivity of 
aquifers and recharge rates in the Surat CMA.  While a clear answer to this question may 
not be found the importance of this question to potential users is considered to be of 
utmost importance. 
 
Issue 3. CSW quality and the potential for damage to the environment.   
 
Issues about water quality and irrigating with salty water has been extensively researched 
and published.  How important this issue is in relation to CSW is important to resolve from 
the point of view of environmental impact and beneficial use. 
 
The conclusion is that water quality is adequately monitored and the chance of release of 
contaminated water to the environment is very small. CSW is extensively treated in order 
that it can be used beneficially and all issues pertaining to managing CSW quality is 
extensively and adequately covered in Queensland legislation.  As a consequence, it is 
found that irrigation using CSW is unlikely to present technical or environmental problems 
but this issue is verified by reference to stakeholder interviews. 
 
Issue 4. Is CSW used beneficially and is it being supplied equitably? 
 
This issue about equity of distribution is not covered in the literature and company data is 
confidential.   However, this is an important issue to resolve because it is a new water 
source which is contribute to concerns about impacts on other water users especially as 
water is becoming increasingly scarce and valuable (Anderson, 1996).  Information about 
this issue comes from the informed landholder and expert commentator interviews. 
 
In relation to issues about beneficial use of CSW is partially covered in the literature.  
Regulatory authorities in Queensland have stipulated beneficial use as a preferred 
disposal mechanism.  Whether other options such as re-injection would provide a better 
solution depends on different perspectives.  Discussion of these perspectives is drawn 
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from the literature and informed stakeholder interviews.  A final position is discussed after 
all issues have been analysed and discussed in the Conclusion chapter. 
 
Issue 5. Economic impacts from CSW.   
 
This issue is important to help resolve issue 7 about sustainable agriculture.  It is important 
to this thesis because it most fully addresses the issues of beneficial use of CSW and 
whether it provides sustainable economic benefits.  If this is demonstrated it could have 
wide ranging implications for new water development use elsewhere.  This question could 
not be fully answered from the literature with the answer relying largely on material derived 
from stakeholder interviews and economic modelling. 
 
Issue 6. Is irrigation the best beneficial use option for CSW? 
 
This issue is about determining whether irrigation is the best use for CSW and if so, how it 
might be best achieved.  This is an economic, social and economic issue which is partially 
resolved in the literature but a full answer will require reference to farm survey and 
economic modelling. 
 
Issue 7. How does CSW impact sustainable agriculture? 
 
This issue draws all issues together to resolve the most important question about how 
CSW impacts sustainable agriculture. The literature review provides a partial description 
and definition of what this means.  This is necessary because this is a complex issue 
requiring a trade-off between economic, social and environmental factors.  The way to 
measure this is through a review of empirical data obtained in the field, farm case study 
analysis and the use of economic modelling.  The method for undertaking this research is 
contained in the next chapter. 
 
On the basis of this literature research, the gaps in information and questions remaining 
are to be answered in this thesis by three key research questions which collectively 
contribute to answer the issues about agricultural sustainability.  These are; 
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1. How much CSW is available in Queensland using published data verified by 
farm survey of actual volumes utilised in a particular location (Chinchilla, 
Queensland)? 
a. How is it used and for what purpose? 
b. What is the cost for users? 
c. For how long will it be available? 
2. How have farmers been able to transition their operations to use of CSW? 
a. Why did some accept it and others reject it? 
b. What have been the social and economic impacts for them and the 
surrounding community? 
c. For those who have adopted its use has this resulted in sustained 
improvement? 
3. What are the environmental impacts in terms of water use and distribution? 
a. Can conclusions be drawn about the impact of extraction of this water on 
the overall water supply situation? 
b. Is there any evidence of this water causing any detrimental environmental 
impact? 
c.  Are there better distributive and allocative methods which could yield an 
improved social and environmental outcome? 
 
The above three research questions are addressed in Chapter 4, Results.  These results 
provide new insight into the issues pertaining to sustainable agriculture.  It was found that 
a combination of results addressing all three questions enabled meaningful conclusions to 
be drawn about how CSW contributes to sustainable agriculture. 
 
Research results addressing the above three research questions have been separately 
published by the author and supervisors of this thesis in international journals as listed in 
the introductory pages of this thesis.  Each of these three publications addresses the three 
research questions separately.   This thesis provides a more comprehensive and over-
arching evaluation of these questions and is therefore considered to be a much more 
thorough evaluation of the research topic.  
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The literature review has provided partial answers to issues identified in Section 1.2.  The 
research gaps and questions remaining are answered from case study interviews and 
economic modelling.   Answers to these questions are provided in the Results and 
Conclusions chapters. 
 
2.10 Conclusion 
 
In conclusion, the literature review has revealed that there are a number of potential issues 
and problems which could affect enterprise viability using CSW. For instance, even if CSW 
is supplied at very low cost this may not be sufficient to encourage its use for irrigation 
because it has been shown from modelling for recycled water (Section ….) that reliability 
of supply is possibly more important. This may be even more so for CSW which is 
temporally limited and existing irrigators would possibly be loath to jeopardise known 
contractual allocated supplies (such as from the Condamine stream flow).  These and 
other questions will be addressed in the next chapter which includes discussion of the 
research methodology and approach to solving research issues and problems.    
 
It has been shown that there is a substantial amount of CSW and this has created a 
significant local industry which has improved rural economic welfare.   Questions still 
remain about how these benefits could be translated elsewhere and what the long term 
impacts might be. 
 
To answer these questions this research thesis draws relevant studies together, critically 
examines them and adds to them where it is believed warranted.  This is in order to 
provide a clearer understanding of how CSW can improve agricultural sustainability.  Other 
anticipated benefits associated with undertaking this thesis might include: 
 
 providing a better understanding of the term agricultural sustainability in the 
Queensland and Australian context; 
 describing new industries which use CSW and could potentially be sustained using 
other salty water supplies 
 estimating the potential area and productive potential of these new industries and 
the contribution to the economy 
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 describing how sustainable these industries will be such that benefits can be 
handed on to future generations, and 
 describing the necessary conditions for these industries to be sustainable and what 
changes may be needed at the outset to enable these industries to flourish. 
 
The material needed to address remaining questions and research gaps (Section 2.9) 
comes from the targeted farm interviews, economic modelling and case study research.  
The methodology for addressing this is provided in the next chapter (Chapter 3) and the 
results of this research in Chapter 4. 
  
  
128 
 
Chapter 3 Methodology 
 
3.1 Mixed Method Research 
 
The research methodology is based on a combination of positivist (quantitative 
experiments) and constructivist (quantitative and qualitative interpretations) paradigms 
(Plano Clark V and Creswell J, 2008).  This mixed research method (combining 
quantitative and qualitative results) is used to address the research questions listed in 
Section 2.9.  This is because it is considered to be the ideal method to deal with the 
complexities of the issues identified.  This chapter evaluates the method used to evaluate 
quantitative and qualitative information derived from landholder interviews.  It explains why 
it was thought the mixed research method would yield superior results to other methods 
and explains the inter-relationships between data collection methods from different 
sources.  It describes the techniques used and the technologies applied to answer specific 
research questions.  This provides confidence to support results and conclusions found in 
subsequent chapters.  
 
The theory supporting this method is described by Yin (2006).  He explains that single 
studies which analyse various case studies (such as those described in Section 3.4) is 
strengthened by the use of a mixed method approach provided the case studies utilise the 
same qualitative and quantitative analytical techniques.  This approach is applied in this 
thesis (Yin R, 2006).   
 
Mixed method research has been applied in similar circumstances in other research 
projects  (Bulsara C, 2014).  These methods included use of reference literature, farm and 
expert interviews and economic modelling of case study farms.  It is suited to studies 
which combine quantitative and qualitative data from economic, social and environmental 
sources.  Bulsara (2014) reviewed a range of research methodologies and found that 
mixed methods which combine qualitative and quantitative data yield superior results to 
those which only apply one single method.  This was particularly the case in the health 
sector where epidemiological data made greater sense when interpreted using both 
quantitative and qualitative information.  Here it was found that superior economic choices 
were often only selected when they aligned with improved social and health outcomes.  
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Therefore, this method was chosen for this thesis because the combination of quantitative 
and qualitative information from social, environmental and economic perspectives was 
thought to be important to determine the most sustainable agricultural outcomes.   
 
The mixed method approach applied to specific case studies was used because it largely 
removed concerns regarding limitations such as; 
 
 Sample size 
o The geographic spread of the CSG industry meant interviewing a wide cross-
section of potential CSW users would have been logistically very difficult and 
costly 
 Representation 
o Achieving a representative set of farm types would increase with geographic 
and climate variation across Queensland 
 Confidentiality 
o While interviewees would provide much needed private and personal 
information the sensitivities of the industry especially financial concerns, 
meant that essential economic information would be difficult to obtain 
 Veracity 
o The small sample size and relatively small geographic spread of the study 
area meant that supporting data sourced from published material would 
enable results to be generalised for the industry. 
 
A description of the mixed research method used in this thesis is presented as a flow 
diagram in Figure 21. 
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Figure 21: Mixed Method Research Flow Diagram 
 
Figure 21, explains the connections between the sources of data and research methods 
needed to address the research questions (Section 2.9).   It shows that the literature 
review answers many key research questions which provide direct and indirect input to the 
results.  Remaining questions and research gaps lead to the need for primary research 
data collection from farm interviews and from interviewing expert commentators.  These 
gaps are also addressed with reference to economic modelling which relies on input from 
APSIM modelling for biophysical inputs.  These are then combined utilising benefit-cost 
analysis to evaluate three case study farms (Section 3.4) which is central to the research 
method employed.   
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This method shows that economic modelling is important to resolve unanswered questions 
but this relies in turn on information gathered from targeted stakeholder interviews and 
secondary data such as APSIM.  The interview material is quantitative and qualitative in 
nature and this is compared with the secondary data which is mostly quantitative in nature.  
To fully appreciate the qualitative information it was necessary to find a means of 
analysing this information.  The method chosen was through use of software called 
NVivo® (Flinders University, 2015, QSR International, 2015). 
 
Much of the qualitative material provided a better and richer understanding of the meaning 
of the quantitative material and enabled a fuller interpretation of research results. For 
example, in relation to landholders who refused CSW, quantitative information would 
suggest CSW provided them an unequivocal benefit.  However, qualitative survey 
information about their social and environmental values indicated that economic factors 
were of lesser importance.  This result could not have been easily derived from 
quantitative information alone.  
 
The farm case studies involved modelling and analysing data from different landholding 
types with different production systems with different physical inputs and outputs.  
However, the method of economic analysis for each was the same.  The mixed method 
approach was suitable because many of the inputs and variables were similar for each 
case study farm.  For example, the CSW is supplied in the study area from discrete RO 
plants and is supplied to existing weirs and water infrastructure as well as dedicated 
reticulation systems which could be accessed by farm case study landholders.  
  
While this method of water supply may not be the same everywhere in Queensland there 
are many similarities with some specific locations such as the Chinchilla, Wandoan and 
Wallumbilla districts.  Therefore the mixed method with specific case studies suited the 
nature of the industry, the physical water supply situation and the contextual nature of 
landholder transition and decision-making about irrigation in their enterprise.   
 
The study area chosen is Chinchilla district and various case study farms were chosen to 
analyse their economic and social response to the provision of CSW.  The case study 
farms (Section 3.4) chosen to analyse the different approaches taken by landholders are; 
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1. Landholders who refused the water and continued to dryland crop or graze – 
dryland cropping formed the base-case from which a partial budget for CSW could 
be compared. 
2. Irrigators who were able to utilise existing infrastructure but replaced more 
expensive/less reliable water supplies and consolidated their financial position for 
the contract period. 
3. Landholders who made significant investment to utilise additional CSW including 
investors who deliberately targeted the availability of this water to establish new 
enterprises. 
 
The quantitative and qualitative data is used in the above case studies and is derived 
mostly from interview data provided by affected landholders and industry expert 
commentators (Campbell H and Brown R, 2003).  Much of the quantitative material is also 
derived from the cost-benefit analysis.  This is based on utilising input data from economic 
modelling (Section 3.8). 
 
A better appreciation of the mixed method approach used in this thesis is provided with 
reference to the following sections which describe the study area, case study parameters, 
interview data, interview characteristics, data analysis methods and economic modelling.  
 
3.2 Data sources 
 
Table 16 summaries the data sources used to answer the specific research questions. 
This table shows a wide range of sources used to answer specific research questions and 
no particular source was dominant.  The limitation of this table is that it does not show that 
some parts, such as the economic and social questions rely very heavily on interview 
material whereas the environmental results were heavily dependent on the literature.  This 
is discussed in more detail under the limitations of the data sources in the results chapter. 
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Table 16: Data sources for research questions. 
 
 
Research Question 
 
Data source 
 Literature Inter-
views 
Economic 
Modelling 
Other
22
 
 
1.How much CSW is available in what 
locations in Queensland?” 
 Is it treated and how is it made 
available to potential users? 
 What is the cost to potential users 
and how does this compare with 
other water sources? 
 What is the variability and 
sustainability of this production?    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.How have farmers been able to 
transition their operations to use of CSW? 
 Why did some accept it and others 
reject it? 
 What have been the social and 
economic impacts for them and the 
surrounding community? 
 For those who have adopted its 
use has this resulted in sustained 
improvement? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.What are the environmental impacts in 
terms of water use and distribution? 
 Can conclusions be drawn about 
the impact of extraction of this 
water on the overall water supply 
situation? 
 Is there any evidence of this water 
causing any detrimental 
environmental impact? 
 Are there better distributive and 
allocative methods which could 
yield an improved social and 
environmental outcome? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            
22 Other sources included input from specific industry experts, academic sources, supervisors and other content advisors. 
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3.3 Study Area 
 
The study area is Chinchilla district which is within the Western Downs Region of 
Queensland, which is part of the Darling Downs Region in south-east Queensland (Figure 
22).   It was chosen as a study area because it contains significant CSG and CSW 
production, is the site of a scheme where treated CSW is made available to landholders 
and is an area with an established irrigation industry.   
 
 
Figure 22: Chinchilla District within Western Downs Region, Queensland 
Source: (Department of State Development Infrastructure and Planning, 2013) 
 
The Chinchilla district does not have a formal boundary but is used in this thesis to 
describe a major CSW using area surrounding Chinchilla.  It is bounded in the west by 
Miles and Condamine, by Tara in the south and Kogan and Warra in the east.  It roughly 
coincides with the Chinchilla Shire boundary which is shown in Figure 33 in Appendix C. 
There is considerable published statistical and demographic data available for this area. 
Because of this, for previous reasons discussed and the fact that it was reasonably 
accessible for research purposes, this is considered to be a suitable area for the purposes 
of this thesis. 
   
The study area consists of an area of 33,000 km2 with a population of 15,700 people 
largely shared between the rural towns of Chinchilla (8,000), Miles (11,800) and Tara 
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(13,200) (Australian Bureau of Statistics, 2013).  Agriculture in the Chinchilla district 
includes beef cattle grazing of native and improved pastures and forage crops (such as 
oats (Avena sativa) and forage sorghum (Sorghum bicolor)); dryland cropping of mostly 
wheat (Triticum) but also barley (Hordeum vulgare), chickpeas (Cicer arietinum)  and 
sorghum; and some irrigation of cotton, grain crops, lucerne (alfalfa - Medicago sativa), 
watermelons and other horticultural crops.  Almost all properties are family owned 
enterprises. The current irrigation industry draws water from the Condamine River, 
groundwater from the Condamine Alluvium aquifer and from off-stream storages supplied 
by overland flow of water. 
 
In the Chinchilla district, CSW is piped from a large reverse osmosis treatment plant to the 
Chinchilla weir on the Condamine River.  Water from this weir is part of an established 
local irrigation scheme operated by the government owned operator, SunWater.   
Landholders can enter into an agreement with Sunwater to purchase CSW for irrigation, 
directly from the pipeline, from the weir or downstream from the weir.  A second CSG 
company supplies CSW to the Fairymeadow Road Irrigation Program (FRIP).  CSW is 
supplied on the basis of maximum monthly contractual volumes although these volumes 
are not guaranteed.  Technical CSG production difficulties may lead to lesser volumes 
being supplied on a regular or irregular basis.  Irrigators are obliged to take agreed 
monthly volumes or penalties are incurred.  Irrigators also provide all irrigation 
infrastructure components.   A third CSG operator (Arrow Energy) supplies its own 
properties, the township of Dalby and some industrial users with treated CSW.   More 
detail about this supply of water is provided in Section 4.1. 
 
3.4 Farm Case Studies 
 
Three case study farms were analysed to determine the impact of CSW provision.  They 
were previously listed in Section 3.1 and are repeated here.  They are case study farms 
which should not be taken to represent any particular farm.  However, they could be 
considered to be representative of farms in this study area and potentially other parts of 
Queensland.  The data pertaining to each of these is more fully described in the tables 
shown in parentheses at the end of each case study.  These are as follows: 
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1. Farmers who refused the water and continued to dryland crop or graze – dryland 
cropping formed the base-case from which a partial budget for CSW could be 
compared (Table 23 and Table 24, Section 4.3.1). 
2. Irrigators who substituted other water with CSW.  These were farmers who were 
able to mostly utilise existing infrastructure but replaced more expensive/less 
reliable water supplies and consolidated their financial position for the contract 
period (Table 25, Section 4.3.2). 
3. Farmers who made significant investment to utilise additional CSW including 
investors who deliberately targeted the availability of this water to establish new 
enterprises (Table 26, Section 4.3.3). 
 
The three cases above represent the most likely scenarios, however, it should be noted 
that no two farms were exactly alike and each farmer employed different strategies, crop 
combinations and water use combinations.  It should also be acknowledged that these 
categories are an over-simplification of actual farming operations.  For instance, many 
farms had supplementary activities such as small piggeries and horticultural cash crops.  
Comparisons between these case studies are made on a per hectare gross margin basis, 
on an NPV per hectare and enterprise basis.  
 
Other cases that could have been considered include; 
 
 Grazing properties for sheep, goats or horses. 
 Annual cropping enterprises including other cereal grains and horticulture 
 Irrigated cropping options, with variable parameters including; 
 
o Using different water sources 
 Long-term storage of overland flow 
 river water (supplemented and un-supplemented combinations) 
 groundwater (GAB and non-GAB aquifers) 
o Using CSW 
 pivot irrigation 
 flood irrigation 
o Various combinations of both CSW and other water. 
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 New enterprises such as agro-forestry and intensive livestock such as piggeries 
and chicken farms. 
 Viticulture and other permanent crops, and 
 Various combinations of the above farm enterprises. 
 
These alternative options were excluded on the grounds that they only provided for a more 
complex set options without assisting in answering the fundamental research questions 
regarding the economic benefits of using CSW compared with dryland base-case 
scenarios.    
 
The main crop options include; cotton, sorghum, maize, wheat, lucerne and chickpeas.  
These are considered to be among the most commonly irrigated crops in the Chinchilla 
District.  Various double and triple cropping options are evaluated for irrigation farms.  Only 
recurrent costs are considered in the analysis of the irrigation farms switching to CSW 
(case study 2).  Capital and recurrent costs are considered in the new enterprises utilising 
CSW (case study 3). 
 
Among options rejected for analysis were livestock options such as horse and cattle 
breeding.  These were excluded from case study scenarios even though there were 
instances of these among interviewees.  This is because they didn’t represent an irrigation 
option and this would add a level of complication and difficulty which would not yield a 
great deal in terms of answering the major research questions.   The case studies 
represented typical production systems in the case study area which was verified from 
literature and landholder interviews.  It is concluded that irrigated cropping versus dryland 
cropping provides the clearest evidence of the value of CSW and as such the analysis 
focuses on this data. 
 
Ideally, the economic model would analyse an optimum combination of water use to grow 
the most profitable crop with the best and most efficient use of inputs.  In order to achieve 
this, irrigators employ some flexibility in the way they utilise CSW and other water.  For 
instance, evidence was found of some irrigators adjusting some water inputs such as bore 
pumping to compensate for a shortfall in CSW or other water sources entering the on-farm 
water storage (OFWS).  This would especially be the case if the crop was water stressed 
or during critical growing periods when water needs were greatest.  
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These scenarios are not evaluated here because this adds a level of complexity which 
does not directly answer the research questions.  However this analysis was undertaken 
by Brennan (2008) for recycled water where it was found that recycled water used 
preferentially yielded the highest economic return based on the fact that this water was 
more reliable (Brennan et al., 2008). However, there is one critical difference between 
recycled water and CSW, which is that modelling on recycled water was for water use on 
an “as needs basis.” This is not the case for CSW which is supplied on “must take” 
minimum monthly volumes regardless of need.  Despite this, interview results for CSW 
usage found it to be preferentially used over other water.  Therefore, the reason for this 
may not be just because of the improved reliability but because of the penalty for refusal. 
 
3.5 Interview Data 
 
Farm interviews were conducted in the Chinchilla district which together with information 
drawn from the wider region and the literature is applied to the case study analysis.  This 
section describes the method employed and the type of data obtained from interview. 
 
Qualitative and quantitative data were obtained from detailed informant interviews.  A 
detailed set of measures were developed to assess enterprise transition, landholder 
decision-making, and the economic and equity aspects of the use of CSW.  These 
measures formed the basis of open and closed interview questions.  
  
Personal interviews were conducted with 23 farmers and graziers in the Chinchilla district 
and with 13 technical experts on water, agriculture and regional production systems, 
selected for their expertise, drawn from state government, universities and agribusiness.  
The interviewees were selected on the basis of a set of criteria which included willingness 
for survey, anonymity of data and suitable farming parameters to answer specific research 
questions (see Appendix M).  The interviewees were as follows; 
 
 14 landholders who use CSW (these are most of the landholders in the district who 
use CSW), 
 3 landholders who were offered CSW but refused, 
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 6 landholders who do not use CSW but claim to be impacted by the industry, 
 13 technical experts. 
 
Interviewees were stratified into those that continued to crop or graze including some who 
refused CSW, some irrigators who replaced other less reliable water supplies with CSW 
and some who expanded their operations with CSW including those who were new water 
users.   These are listed in Section 3.1 as the case study farming systems.  
 
The relative success of these case study landholders enabled interpretation of various 
approaches to enterprise transition and decision making.  Landholder interviewees were 
purposively sampled based on their experience with CSW and knowledge of it.  Technical 
experts were identified based on their expertise and familiarity with CSW in the region.  
Purposive sampling allowed greater understanding and insight into the specific issues of 
CSW to be gained (Palys T, 2009).  Essentially, all relevant and willing landholders 
provided information.  Also, the number of interviewees was limited by the size of the case 
study area and the total number of irrigators within the area.  Interviews were conducted 
on-site over three months in early 2015. 
   
Interview questions were pilot tested through preliminary interviews with three landholders, 
not included in the sample.  Twenty-five questions were asked of landholders using CSW 
and not using CSW, with 19 questions common to both.  Forty questions were asked of 
expert commentators.  As well as the criteria previously stated, questions were framed to 
be culturally appropriate, and sensitive to age, gender and equity (Silverman D, 2005).  
Full ethics approval and consent was gained.  The layout and criteria for questions is 
shown in Appendix M and the specific questions shown in Appendix N.  Interviews were 
audio-recorded and transcribed and secondary data, such as documents, emails, photos 
and references were collated in NVivo®.  
 
The 14 landholders who use CSW were second and third generation farmers on the same 
land with an average farm size of about 1,500 ha with a range from 800 ha up to 4,000 ha.  
Eight landholders were existing irrigators who used allocated water from the Condamine 
River to irrigate mostly cotton, sorghum, wheat and chickpeas on fertile clay soils.  The 
remaining six landholders using CSW were beef cattle graziers with most of their property 
being less fertile sandy loam soils.  These holdings ranged from about 2,000 ha to 10,000 
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ha.  Most of these landholders had no prior experience with irrigation.  Farms ranged from 
relatively small family run businesses to major company-owned operations. Many of the 
landholders who used CSW had CSG wells and infrastructure on their properties. 
 
Three interviewed landholders were offered CSW but refused it.  All of these had suitable 
land for irrigation but had declined to enter into a CSW supply contract.  Their farm sizes 
ranged from 2,000 ha to 7,000 ha. None of these landholders had CSG infrastructure on 
their properties.   
 
The six landholders who did not use CSW were first, second and third generation farmers.  
Their properties ranged in size from 900ha to 12,000ha.  They were widely dispersed 
across the study area but were generally on the outskirts of the irrigation areas.  Some had 
CSG infrastructure on their properties.  
  
The 13 experts included local government councillors, federal politicians, agricultural 
industry organisation representatives, an academic, a consultant and agricultural industry 
experts. They resided in the Chinchilla District, Dalby, Toowoomba and Brisbane, 
Queensland. 
 
3.6 Interview procedure and characteristics 
 
The interview procedure and the approach taken in the field depended on the 
circumstances at the time.  The length and average time of interview by interview group is 
shown in Table 17. 
Table 17: Length of time of interview by interview group. 
 
Group Shortest time Longest time Average time 
Farmer with CSW 1 hour 10 minutes 5 hours 2 hours 15 minutes 
Farmer without 
CSW 
50 minutes 6 hours 30 minutes 3 hours 5 minutes 
Expert 
commentator 
45 minutes 2 hours 15 minutes 1 hour 45 minutes 
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This interview material is recorded as total time because some interviewees were 
interviewed more than once or they were contacted subsequent to first interview in order to 
clarify an earlier answer given.  The interview time varied according to individual 
circumstances such as the need to complete farming activities.  For instance, one 
interview was on a farm tractor during harvest, another during stock round up in a utility 
and another for bore inspection on horse-back (which presented certain recording 
difficulties). 
 
As discussed elsewhere, there are three CSG companies supplying CSW to farms in the 
Chinchilla district, namely; Arrow Energy, QGC and Origin (APLNG). These companies 
would not provide any details about who their clients were for water or any information 
about their activities in relation to provision of CSW.   As a result this information was 
obtained directly from interviewing the recipients of CSW.  These recipients and other 
interviewees relevant to this thesis were identified from discussion with individual farmers 
and members of the community in and around Chinchilla, Queensland.  Key contacts were 
initially identified and further interviewees were identified using a “snowballing” technique 
in the field (Atkinson R and Flint J, 2001). 
 
Potential interviewees were phoned first then emailed with relevant supporting material.  
Less than 50% of these agreed to interview on first approach.  However, with persistence 
including phoning again when in the district, more than 80% agreed to interview.  Not all 
agreed to audio recording of interviews (refer ethics approval above).  
 
The amount of time spent provides an indication of the extent and depth of interview.  This 
is more accurately reflected in the background justification to questions asked (Appendix 
M) and questions asked (Appendix N).  While it may seem strange that the same 
questions were asked of farmers with and without CSG in reality the same questions were 
not asked as these questions represent the simplified version for NVivo® analysis.  For 
instance, question 8 “do you have a contract for supply of CSW?” in the case of farmers 
without CSW this was asked as “were you offered a contract for supply of CSW?” 
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Table 17, shows that the amount of time spent interviewing farmers without CSW, was the 
largest within the interview groups.  This probably reflects the interest that this group had 
about the industry even though many were not directly affected by it. 
 
3.7 Data Analysis 
 
Interview transcripts in the form of field notes, voice recording and mostly collated the 
same day in digital form.  This was subsequently analysed using NVivo10® software (QSR 
International, 2015).  For each transcript, specific points raised by interviewees were 
coded openly and in relation to a framework of measures that were the basis of the 
interview topics.  Codes for similar topics were then collated into nodes and similar nodes 
were then collated into themes.  This allowed qualitative interview data to be rigorously 
and consistently analysed with key consistent points made by interviewees to emerge from 
the data.  Analysis of the responses showed that the same points were raised by many 
interviewees indicating that data saturation was achieved (Keen A, 2015). 
 
The purpose of this program is to reduce, manage and classify data from interview 
material.  The process involves “de-contextualising” text, removing it from the source 
material (raw interview data), then “re-contextualising” this text such that it forms a 
comprehensible meaning by itself which can then be analysed quantitatively and 
qualitatively (Jones M, 2007). 
 
NVivo analysis enabled all material including; audio recordings, interview transcripts, 
documents, emails, photos and other references to be collected and organised into one 
location.  From this data it was then necessary to make decisions about the relevance of 
the material and to code specific questions and answers into categories such that this 
material could be efficiently analysed.  The coding process involved choosing “nodes” in 
order to compare and collate information under specific topics.  Interview questions where 
chosen for this purpose to automatically code all questions put to interviewees.   
 
In choosing the nodes each question needed to be expressed simply and be only one 
question otherwise comparison would have been very difficult.  There were 25 questions 
asked of farmers using and not CSW with about 75% being common to both.  There were 
  
143 
 
49 questions asked of expert commentators.  In regard to some interviews, additional 
questions were asked but the answers to these were incorporated as answers to other 
questions in order that all pertinent material was recorded and analysed.  Interviews 
covered all pertinent questions and given the high level of consistency between 
respondents it was concluded that “saturation” was achieved and that further interviews 
would not provide additional information (Keen A, 2015).   
 
Questions were analysed in NVivo® primarily via the “query tool” for “key words” and 
“phrases” and through “word counts” of particular words which carried special meaning or 
significance.  A high level of repeat reporting (high percentage) for a particular word or 
phrase in a particular question across different respondents was taken to be a 
representative or significant response. However, even for a simple word count query for a 
simple question such as “Do you have a contract for the supply of CSW?” which was put to 
all 14 farmers receiving CSW gave a range of responses which required individual 
interpretation of answers in order to be sure of the result. 
 
For example, as seen in Figure 23, in answer to this previous question, the word “yes” only 
occurred 7 times when it might be expected that it should occur at least 14 times.  From 
viewing the word cloud in Figure 24 for all words it is clear that “yes” is most likely as the 
general result and that there are no records of “no” being the answer.  It is only when 
reviewing the word cluster analysis in Figure 25 does it become clear that even though the 
word “yes” was only given 7 times the affirmative answer is repeated in other ways such 
as; “I received a contract for CSW” or “I get an allocation of CSW.”  From this it is clear 
that a considerable amount of careful evaluation of data is necessary before definitive 
answers can be made about interview data and transcriptions. 
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Figure 23: Word count percentages 
 
 
Figure 24: Word cloud frequency 
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Figure 25: Word cluster analysis 
The total NVivo® word count of “significant words” from the transcriptions is 19,280. This is 
about one third of total actual words if all words are counted.  The percentages provided 
come from the significant word count.  The results presented here focus on answering the 
research questions.  However, this material provides a wealth of additional information on 
a wide range of subjects.  For instance, an analysis of results by gender to the question 
“how has the CSG industry affected you?” gave entirely different results.  On this occasion 
it was shown that male responses focused on farm income impacts whereas female 
results focussed on community and family impacts.  These are useful because they could 
impact how CSG companies might approach different community members. 
 
The interview material primarily provided data that determined the quantity, reliability and 
price of CSW in the Chinchilla district.  This data was then used to inform analysis of the 
economic benefits from CSW irrigation, issues involved in enterprise transition, the quality 
of CSW, equity issues in access to water, and broader issues about sustainability. 
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3.8 Economic Modelling 
 
Economic modelling was used to assess the economic circumstances of the use of CSW 
compared with dryland cropping or grazing.  The return from irrigation with CSW was also 
compared with irrigation from other water sources.  Various irrigation scenarios were 
considered and analysed with reference to standard financial criteria (Agtrans Research 
Pty Ltd, 2009) and industry gross margins (Department of Agriculture Fisheries and 
Forestry, 2015, Department of Primary Industries, 2014).  
 
The present value of benefits (PVB) and present value of costs (PVC) were used to 
estimate case study investment criteria of net present value (NPV). Other measures such 
as benefit-cost ratio (B/C ratio) and internal rate of return (IRR) are not undertaken as this 
is believed to add complication to an already fairly complex evaluation. These additional 
measures added little in terms of evaluating the relative merits of use of CSW in 
investment scenarios. Discounting is used to allow for the time value of money.  The 
discount rate is determined with reference to current practice in this field.  5% is commonly 
used (Department of the Treasury, 2007, Harrison M, 2010)  however, 3% and 7% are 
also used for sensitivity analysis.  The PVB and PVC are the sums of the discounted 
streams of benefits and costs.  All dollar costs and benefits will be expressed in set dollar 
terms and discounted to the initial year.  20-year NPV time frames are used for 
comparative analysis because this is the standard length of CSW supply contracts (from 
interview material).  
 
For the economic analysis new capital (irrigation) projects requiring equipment and 
infrastructure investment are separately obtained from literature and case study interviews 
to obtain the initial capital expenditure.  This was only relevant to new enterprise NPV 
calculations as these were the only scenarios requiring this investment. Costs and benefits 
occurring at different time periods are set on a comparable basis, that is, they are 
expressed in real terms. In other words, they are expressed in constant dollars and 
increases in prices due to the general rate of inflation are not included in the values placed 
on future benefits and costs. When a cost stream has been subtracted from the benefit 
stream to give a net benefit stream, a discount rate is applied to yield a net present value 
(NPV) for the project. The net present value is used to facilitate comparisons between 
options. The option with the largest NPV is regarded as the preferred investment choice. 
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The partial budget for coal seam gas is calculated from the gross margin for CSW 
irrigation less initial capital invested and the gross margin for dryland cropping or grazing. 
This is expressed in the following formula; 
 
PBcsw = GMcsw – ICcsw – GMbc/oi,      
 
Where; PBcsw = partial budget for CSW, GMcsw = gross margin for crops grown with CSW, 
ICcsw = initial capital for installation of CSW infrastructure, GMbc/oi = gross margin for 
dryland cropping base case or crop irrigation base case using other water. 
 
The Agricultural Production Systems Simulator (APSIM) (Holzworth et al., 2014) was used 
to provide estimates of long term productivity for different land uses within the study area 
for use in the economic analyses.  APSIM has been used and extensively within the local 
area (Antille et al., 2014, Poulton et al., 2005), including use for irrigation (Peake et al., 
2008).  Long term climate data (1910-2010) was obtained for the nearby township of 
Chinchilla from the SILO climate database (Jeffrey, 2001).  The APSoil database 
(Dalgliesh and Foale, 1998) was used to provide all relevant soil data, including water 
holding capacity, soil chemistry and organic matter status.  Crop management is an 
important part of model specification when modelling particular farming systems or 
management scenarios (Moore, 2014).  Management rules were developed in consultation 
with a local agronomist to ensure that sowing, cultivars, fertiliser rates and resultant 
cropping frequency and productivity was appropriate for the case study area.  Simulations 
were undertaken for two scenarios: 
 
1) Dryland wheat and sorghum cropping: wheat or sorghum is sown depending on 
sowing conditions such as soil moisture and recent rainfall. Key agronomic data for 
sowing dates, cultivars, nitrogen management and plant populations were 
developed in conjunction with a local agronomist. 
2) 3-year rotation of irrigated cotton with dryland wheat and sorghum. This scenario 
describes a common agronomic practice where cotton is irrigated based on soil 
water deficits assuming best practice.  Three simulations were conducted to 
minimise any bias due to timing of crops within the rotation.  Each simulation was 
offset by one year so that each phase of the rotation was sampled in each year.  
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The annual gross margin was taken as the average of the three simulations.  Table 
18 shows the structure of the three irrigation simulations demonstrating sampling of 
each phase of the rotation in each year.  Rotations were simulated continuously 
over the 110 year period from 1900 to 2010. 
 
Table 18: Three year crop sequence of three APSIM irrigation simulations 
 Year 1 Year 2 Year 3 
Summer Winter Summer Winter Summer Winter 
Simulation 1 Cotton Wheat Fallow Fallow Sorghum Fallow 
Simulation 2 Sorghum Fallow Cotton Wheat Fallow Fallow 
Simulation 3 Fallow Fallow Sorghum Fallow Cotton Wheat 
 
The secondary data provides input to the economic analysis.  It includes information from 
other sources such as literature, APSIM and elsewhere. This information concerns a range 
of factors which could have a bearing on the economic analysis.  It includes; 
 
 Water quality (this was found not to be an issue because treated CSW was found 
from interview material to be of comparable quality to other clean irrigation water 
supplies) 
 Time period or periods in which CSW may be available (5x 20-year NPVs) 
 Soil types (the main soil types being alluvial vertosols (1a and 1b), brown and grey 
sodosols (3a), shallow sodosols and vertosols (4a and 5a)) (information used by 
APSIM) 
 Cost of water ($3.60/ML supply fee from interviews, application, storage and 
transport costs from interviews and (Department of Agriculture Fisheries and 
Forestry, 2015) 
 Hectares irrigated (only for new enterprise NPVs – otherwise compared on a $/ha 
basis). 
 
The APSIM model provides crop yield data to enable production of various partial budgets 
described in the first formula in this section.  These partial budgets provide the following 
information; 
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 comparison of CSW irrigation with dryland cropping and grazing base cases 
 compares the switch to CSW from other water sources for use in irrigation 
 analyses 5x20-year investment scenarios from 1900 to 2010 
 determines how many crops can be grown with and without the availability of CSW 
in addition to rainfall; and it 
 determines what management decisions are needed to successfully grow crops on 
the Western Downs. 
 
The partial budgeting approach assessed proposed changes within the overall farm plan 
but only considers aspects of the farm business that are affected by the use of CSW. 
These changes are accounted for by the additional annual net return from irrigation with 
CSW. This calculation estimates the total annual gross margin ($/ha multiplied by area of 
crop) from new crop activities using CSW.  The results of this analysis are provided in the 
next chapter. 
 
A net present value (NPV) is used to calculate investment returns for 5 periods of 20 years 
duration (T) each from 1910 to 2010.  20-year investment periods were chosen as the 
standard length of CSW contracts.  Three discount rates (R) of 3, 5 and 7 percent were 
used as discussed previously.  Comparisons between the three case study models are 
then made on a $/ha basis.  The NPV is calculated according to the following formula: 
 
NPV = ∑ (Net Period Cash Flow/(1+R)^T) - Initial Investment 
 
These are theoretical case study NPVs which do not necessarily represent actual 
investment returns for any particular enterprise.  Many assumptions and caveats are 
incorporated which are described at the time of their application. Another reason is the 
need to protect the privacy of individual operators which precludes actual gross margin, 
yield and income data being provided.  However, this data is occasionally discussed for 
some operators (with their permission) and other private information is aggregated under 
the categories described to protect individual information. 
 
NPV outcomes are considered from the user’s perspective not the producer’s and as such 
“actual cost” of water is the only cost that is relevant.  Producers may choose to deliver 
this at below cost of production.  They may also choose to provide other benefits such as 
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infrastructure costs, materials, training and support which is considered from a producer’s 
perspective as a cost but this is provided free of charge and is therefore not considered 
here.  In any event it might be thought that provision of water at prices more than those 
shown in Table 33 (Appendix K) could possibly meet with some resistance to use CSW.  
These prices range up to $30/ML although this water is fully allocated and demand far 
exceeds supply (discussed in chapter 5).  Agricultural producers were willing to pay more 
for regular supplies of water because it provided a more reliable return.  Clearly the price is 
important and as a result a discussion of this is included in section 4.1.2. 
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Chapter 4 Results 
 
The results answer the research questions described in Section 2.9.  The previous chapter 
described the methodology for how these results would be produced.  This chapter 
provides these results which focus on the study area and is subdivided into general 
information, social impacts, economic analysis and environmental impacts.  The next 
chapter discusses the importance of these results particularly in terms of how they may be 
interpreted for wider social, economic and environmental implications.  
The general information is mainly concerned with providing previously unpublished 
information regarding the amount of CSW which is available in the study area.  This would 
not be of great significance but for the fact that this can be used to confirm or refute 
estimates of the total amount of water produced by the CSG industry.  This issue is 
discussed in some detail in the next chapter because it has significant implications for the 
social, environmental and economic impacts of this industry.  The importance of these 
findings could potentially be far reaching. 
The other general information provided here concerns the CSW price and reliability of 
supply which has also not been previously published.  This was obtained from interview 
material and is germane to the economic implications of CSW provision and its influence 
on farm transition decision making.  This again is a most important finding which is 
discussed in detail in the next chapter. 
 
The social impact results are described in terms of family life, sense of wellbeing, 
enterprise transition and equity of CSW access.  These results are found primarily from 
interview material which provides new insight into the social impacts from this industry.  
Some of these findings are different from and contrary to those reported elsewhere which 
is discussed in the next chapter. 
 
The economic results are reported in terms of the three case studies (Section 3.4).  These 
clearly demonstrate the benefits of CSW for farm profitability although the size of this 
depends on variables such as the type of crop grown and how this water can be used 
more effectively than alternative water supplies.  These results also show which types of 
operation and ownership structure affect profitability and the length of time for which 
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investment in irrigation using this water will take to be repaid.  These findings are 
discussed in the next chapter because of their wider implications. 
 
The environmental results are provided in terms of the CSW quality, groundwater impacts, 
sustainable use and CSW storage and distribution.  Other environmental impacts could 
have been evaluated but were beyond the scope of this thesis mainly because of the lack 
of data, time and resources. 
 
Finally, the results are discussed for the study area in terms of the economic, social and 
environmental implications.  This is also discussed in terms of the limitations of the 
research sources to provide definitive answers to some aspects of the research questions.  
This was partly discussed in the previous chapter with particular reference to Table 15 but 
is also relevant here because some data could not be obtained.  Some research questions 
could only be answered from interview data which itself had some limitations (see previous 
chapter) and other aspects such as the environmental questions was mostly answered 
from the literature.    
 
4.1 General information 
 
4.1.1 Water supply 
 
The quantity of CSW used by irrigators and other users in the Chinchilla district was 
calculated from a combination of on-line information provided by CSG companies (Arrow 
Energy, 2014a, QGC Pty Ltd, 2013b, APLNG Pty Ltd, 2012), interview data, calculations 
(eg. areas of irrigation and capacities of irrigation equipment), estimating areas of irrigation 
from remote sensing and by calculating some figures by subtraction from known total 
figures.   
 
In the Chinchilla district, the supply of treated CSW was estimated from company 
statements about capacities of the 7 RO treatment plants.  The largest, owned by QGC, 
with treatment capacity shown in Table 19, has a capacity to treat 31.0 GL/yr of CSW 
(QGC Pty Ltd, 2013a).  Arrow Energy has two plants treating 21.9 GL/yr and APLNG also 
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has two plants treating a total 19.2 GL/yr (APLNG Pty Ltd, 2012, Arrow Energy, 2014b).  
This results in a total treatment capacity for all three companies of 72.1 GL/yr.  
  
In relation to quantities of CSW supplied by QGC, APLNG and Arrow Energy in the study 
area this is summarised from interviews in Table 19, Table 20 and Table 21.  There is a 
very high level of confidence in figures shown in these tables as these were cross-checked 
with individual recipients, from sighting written material and company totals for treatment 
capacities as shown in these tables.  Given the sensitivity of this information identification 
of individuals is not possible.   Many interviewees believed that their contract prevented 
them from revealing production figures.  Regardless of the difficulties, it is believe reliable 
estimates were made which was vital to obtain an understanding of the extent and 
effectiveness of CSW use in the study area.   
 
Table 19: Arrow Energy CSW supply, 2014-2015. 
 
Customer Type Annual Estimate 
(GL) 
Percent Interviewed 
Private agriculture Feedlot 73 0.3  
Company agriculture Irrigated crops 4500 22  
Private/company 
power stations 
Cooling 6500 32.5  
Dalby township Human 
consumption 
2250 11.3  
Coal mines Coal washing 6677 33.4  
 
Total: 
  
20,000 
 
100.0 
 
 
Source: (Arrow Energy, 2014b) 
 
As seen from Table 18, Arrow Energy supplies over 60% of its CSW to industrial users 
(coal washing and power station cooling) with two of these customers being Braemar 1 
and Braemar 2 power stations in which it has part ownership (precise percentage not 
known).  Water consumption for cooling was estimated from industry averages for water 
use per gigawatt hour (Gwh) (Smart A and Aspinall A, 2009). Arrow Energy also supplies 
22% of its CSW in treated form to its own “Thetan Farm”. This was formerly a dryland 
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cropping farm which has transitioned to irrigation. While this farm is described in company 
literature as a “showcase farm” no information could be obtained regarding water use or 
crops grown (Arrow Energy, 2014b).  The amount of water used was calculated from aerial 
photos of the number of pivots, estimating the area irrigated and multiplying by average 
application rates of 4.5ML/ha for irrigated crops.  Arrow Energy supply of untreated CSW 
to the coal sector is estimated by subtraction from the known total treatment volume 
(Arrow Energy, 2014b).  Arrow Energy also supplies a very small amount of untreated 
water to a private feedlot operator. This is for 73 ML/yr which is treated by the client on site 
and the water is used for watering stock in the feedlot. It was reported that no price is paid 
for this allocation. The other major recipient, taking over 11% of the total untreated water, 
is the Dalby township which undertakes its own treatment for human consumption.  From 
this it can be seen that Arrow Energy has managed to dispose of most of its CSW without 
the expense of RO treatment and where it has treated it most of this has been used for its 
own agricultural production.  This is seen as a very successful method of cost reduction 
especially compared with the other company treatment and disposal strategies. 
 
As seen from Table 20, there are 20 customer/contracts identified for CSW supplied by 
QGC/SunWater.  Since writing these contracts, two have changed hands and one 
customer has bought one of the other contracts.  As well as this, two of these contracts are 
owned by the same party, albeit on different properties.  This leaves a total of 18 individual 
QGC/SunWater irrigation customers. 
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Table 20: QGC/Sunwater treated CSW supply, 2014-2015. 
Customer 
number 
Type
23
 Monthly 
contract 
(ML) 
Annual 
Contract 
(ML) 
Annual 
Forecast
24
 
(ML) 
Interviewed 
1 C 156.6 1879 1372  
2 C 62.7 752 564  
3 C 20.9 251 188  
4 C 229.7 2756 2067  
5 C 31.3 376 282  
6 C 156.6 1879 1409  
7 C 626.3 7515 5636  
8 B 41.7 500 500  
9 B 64.2 770 578  
10 B 162.7 1952 1464  
11 B 256.8 3081 2311  
12 B 34.3 411 308  
13 A 8.3 100 73  
14 A 250.0 3000 2000  
15 A 250.0 3000 2000  
16 A 150.0 1800 1350  
17 A 0.2 2 1  
18 A 0.1 1 1  
19 A 0.1 1 1  
20 A 142.8 1713 1285  
Total A 2637 31739 23390  
 
 
The Western Downs Regional Council (WDRC) uses the water for human consumption in 
the township of Chinchilla (SunWater, 2015).  This is the only customer which has a 
guaranteed contract volume whereas most of the others are only receiving about 75% of 
their contracted volumes. The reason why the WDRC has guaranteed supply is related to 
the fact that after Chinchilla weir reaches 30% of capacity non-CSW water can only be 
used for human consumption. CSW represents about half of total water drawn from the 
                                            
23
 On pipeline directly from treatment plant = A, from Chinchilla Weir = B, Below Weir on Condamine River = 
C 
24
 Based on information supplied by interviewee or estimated from average forecast of 75%. 
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weir for the Chinchilla township.  However, the fact that irrigators can still draw CSW after 
the weir drops below 30% capacity provides a level of supply guarantee that they did not 
have before.  This gives the district added economic and social security.  
  
Use of CSW for human consumption was initially resisted by some town residents but this 
appears to no longer be the case which is evidenced by the following statement; 
 
“The shortage of town water has been a problem for as long as I can remember… Many 
[Chinchilla] residents were concerned about drinking CSW but now everyone takes it for 
granted… I haven’t heard a single complaint for months…” [expert commentator]. 
   
This attitude relates to past experiences with water scarcity.  Town survival requires water 
and with this potential, concerns about the origin and nature of this water disappear. 
 
Of the 18 QGC/SunWater irrigation customers identified, 12 were interviewed. Some were 
in receipt of both QGC and APLNG supplied CSW. While this represented two thirds of all 
QGC customers it also represented 89% of the water supplied by QGC/SunWater.  On this 
basis it is believed that additional interviews of QGC/SunWater customers would be 
unlikely to yield much additional information to help answer research questions posed. 
 
Within the list of customers in Table 20, the two largest recipients taking nearly half of all 
water supplied are both corporate farmers.  Both are using the water to grow lucerne hay.  
One of these uses all this hay for its feedlot operation and the other for commercial supply 
to several feedlots in the area.   Both these corporate farms moved to the area specifically 
in the knowledge that the supply of this water was a rare opportunity to access a regular 
and significant volume of cheap water for irrigation. The commercial lucerne grower 
deliberately located to this district in order to service the feedlot industry which is focussed 
in this part of Queensland.  All of the other irrigation customers were second and third 
generation farmers mostly with irrigation experience. 
 
There are seven customers for CSW supplied by APLNG as seen in Table 21.  They are 
all supplied as part of APLNG’s Fairymeadow Road Irrigation Project (FRIP).  Four of 
these provided in-depth interviews with the remaining three unwilling to be interviewed 
although they did provide some information which could be used for confirmation 
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purposes.  There is a high degree of confidence in the figures provided for customers 1 to 
6.  Customer 7 is known to be a major customer but was unwilling to provide figures for 
water volumes received.  It is believed that given this irrigator has 6 by 60 ha pivot 
irrigators and by applying the industry average for this area of 8ML/ha for irrigated lucerne 
(CSIRO, 2012a), the amount of water contracted would be about 3000 ML/yr.  If it is less 
than this then the amount of water processed by the treatment plants is less than the 
figures quoted by APLNG in its publicity material (APLNG Pty Ltd, 2012) or a larger 
volume is categorised as “other.”  Other water of 4,900 ML/yr could be released to stream, 
used by the company itself in its operations or used by other unspecified users. 
 
Table 21: APLNG treated CSW supply from FRIP scheme, 2014-2015. 
Customer 
number 
Type
25
 Monthly 
contract 
(ML) 
Annual 
Contract 
(ML) 
Annual 
Forecast
26
 
(ML) 
Interviewed 
1 A 250 3000 2400  
2 A 67 800 640  
3 A 108 1300 1040  
4 A 100 1200 960  
5 A 250 3000 2400  
6 A 83 1000 800  
7 A 250 300027 2400  
8 Stream 
release 
 490028 4900  
Total   19200 15540
29
  
 
Arrow Energy and QGC have a mixture of industrial, town and farmer irrigator customers 
whereas APLNG only has customers who utilise this water for irrigated crop production.  In 
relation to the lucerne hay growers, apart from the one commercial grower previously 
mentioned, all this production is utilised for co-located feedlot cattle production.  In terms 
                                            
25
 On pipeline directly from treatment plant = A. 
26
 Based on information supplied by interviewees or estimated from average forecast of 80%. 
27
 Customer was unwilling to provide figure.  This figure estimated from 6x 60ha pivots at 8ML/ha for lucerne. 
28
 Stream release can be up to 40ML/day when Monreagh Dam is full. 
29 
This figure has been confirmed by company reporting APLNG PTY LTD 2014b. Gas Stream. 
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of returns, this resulted in the greatest profit of all producers as will be discussed in the 
next chapter. 
 
From an irrigator’s perspective, there are two aspects which are vitally important to 
appreciate relating to use of water and how much they may be willing to invest in water 
infrastructure.  These are reliability and price.  Usually, the more reliable the water supply 
the higher is its price.  Given that farmers on the Darling Downs have some of the best 
agricultural land in the country, the availability of reliable irrigation water could result in a 
significant improvement in income compared with dryland farming. This is reflected in 
prices paid for tradeable water licences (see Section 2.8.1).  However, it should be noted 
that much of the water supply is unpriced and unmetered which potentially results in a 
distortion of the water market and the optimum return from this water.  The low price and 
fixed supply contract associated with CSW could improve or exacerbate this problem 
depending on one’s viewpoint.  More water at a lower price provides an obvious economic 
benefit but this should be viewed in the context of sustainable production (Section 4.4.3). 
 
4.1.2 Water price and reliability 
 
There is no published information on the price paid for CSW.  Press articles have 
suggested that it is around $4.00/ML (Australian Broadcasting Corporation, 2011).  
Interviewees generally quoted figures between $3.60 and $4.00/ML although some said 
they were provided it “free of charge.” 
 
Interviewees stated that the allocation water price for supplemented (irrigation scheme) 
water for the Condamine Weir scheme was approximately $35/ML.  Less reliable un-
supplemented water was priced at approximately $3.65/ML, which has recently been 
increased to $4.20/ML (Queensland Government, 2015).  In relation to one supplier, most 
interviewees reported “no charge” but $160/ML for refusal.  They also reported that they 
received significant infrastructure subsidies and support.  This was not the case with 
another supplier, where several interviewees stated that anticipated contracted water 
volumes had not been met, causing them to unhappily invest in irrigation infrastructure for 
up to 2 years before it could be utilised.   
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Sunwater supplies CSW on behalf of QGC to irrigators.  This water is valued at a rate 
similar to un-supplemented water which is very unreliable (as reported by several 
interviewees).  This is curious because CSW is more reliable (20-year contracts) than un-
supplemented water. However, it could have been tied to this price because monthly 
volumes are not guaranteed which has a perception of unreliability.  Interviewees also 
stated that CSW carries a penalty of $160/ML if irrigators are unable to accept monthly 
contracts.  This may occur during a wet period or where on-farm dams are at high capacity 
with little additional storage available.  However, interviewees emphasised that CSW can 
be transferred between users within a particular month of allocation without penalty.  They 
also mentioned penalties apply for accidental or other release of CSW to watercourses 
without a permit.  Despite all these complications it appears the low price and comparative 
reliability of this water persuaded many irrigators to substitute or adopt this as a new water 
source for irrigation. 
 
In relation to cost, 85% of respondent answers reported that the volumetric charge for 
CSW for QGC water is $3.60/ML with $165/ML for refusal.  In relation to Origin (APLNG) 
CSW, the conclusion is “no charge” but $160/ML for refusal but only 29% of relevant 
answers contained this information.  When this question was put to expert commentators 
under question 27, 65% responded with “minimal” or “no charge” which is an indication 
that this information is generally known. It should also be noted that Origin customers were 
often provided with significant infrastructure subsidies and support.  This was not the case 
with QGC customers which is reflected under question 23 where 75% of respondent 
answers showed they were unhappy with the company for failing to supply water volumes 
promised and the fact that they had to invest in infrastructure for up to 2 years before it 
was even partially utilised. 
 
The low price and fixed supply contract associated with CSW was commented on by some 
interviewees as not leading to best use of CSW, with one stating: 
 
“Free water is wrong… this goes against efficient allocation and best use of resources… 
this should not have happened…” [industry commentator]. 
 
Several interviewees reported that their decision to move into CSW irrigation was largely 
determined by water price and the reliability of water supply.  A typical comment was: 
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“I think no charge (for CSW) is perfectly reasonable given that the company was obliged to 
get rid of it (CSW) … if they [the CSG companies] were going to charge I wouldn’t have 
contracted to take it… you need to understand we were all required to make a significant 
investment into an unknown supply of unknown quality with significant penalties for refusal 
… besides the water was going to run out over time…” [CSW irrigator]. 
 
Another water user stated that his contract and supply guarantee was inequitable 
compared with all other private farm CSW users.  He had no confidence in future supply 
and was investing in alternative groundwater supplies. 
 
In relation to water supplied by Sunwater, most respondents reported that volumes are 
expected to peak at about 75% of contract allocation in 2015.  Many interviewees stated 
that they were disappointed that this had not been predicted by the CSG company or CSW 
third party provider (Sunwater) and that they should have opted for a greater allocation of 
CSW in their original contract.  They stated that forecasts of volumes were overly 
optimistic and that the risk associated with refusal penalties had affected their decision-
making.  Many thought they may be able to re-negotiate their contracts in the future.  This 
is reflected in the comment: 
 
“The smart ones took all they could get and then some…I wish I was one of them…they 
[the CSG company] said there would be a second round… it never came…” [CSW 
irrigator]. 
 
The consensus among APLNG interviewees was that they expected 80% of contract 
volumes in 2015 and that this would decline after 2015.  However, interviewees were 
largely satisfied with contract arrangements and assistance from the operator to support 
establishment of their irrigation project. 
 
This meant that the cost of water is a major determinant of profit.  In the case of lucerne 
growers 6 out of the 7 farmers use their entire production in their own feedlots.  This 
enables them to increase their profits further in terms of profit per ha and profit per ML of 
water used (see Section 4.3.3).  Farm size and nature also played a major role in 
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determining profits with the large corporate farms making much higher returns from this 
water than small family-run enterprises. 
 
Interviewees reported that there were major economic benefits from the use of CSW in the 
Chinchilla district, such as increased employment, farm machinery and plant purchases 
and other local expenditure.  Two commentators reported this as follows: 
 
“It [the CSG industry] has been like a gold rush around here, the only problem is the gold 
seems to be running out… that is why we need to take as much benefit from it as we can.” 
[Local Government Councillor]. 
 
“It is great all this new water… the trouble will start when it stops flowing…” [expert 
commentator]. 
 
Similarly two landholders stated: 
 
“You would be crazy not to take it (CSW)… my bank manager loves me … I went out and 
bought another 600ha property on the strength of it…” [CSW irrigator]. 
“I would have been crazy not to take it… it is like gold…” [CSW irrigator]. 
 
Use of CSW for human consumption was another benefit mentioned by interviewees.  A 
commentator stated: 
   
“The shortage of town water has been a problem for as long as I can remember… Many 
[Chinchilla] residents were concerned about drinking CSW but now everyone takes it for 
granted… I haven’t heard a single complaint for months…” [Local Government Councillor].  
 
Company information supplied by QGC and APLNG state that their plants are capable of 
delivering 90% of this water as clean irrigable water (APLNG Pty Ltd, 2012, QGC Pty Ltd, 
2013a).  If all plants are capable of delivering this level of treatment this would result in 
64.9 GL/yr of water being available for beneficial use in the district. Based on interview 
material, estimates of the volume of CSW used in the Chinchilla district are summarised in 
Table 22.  These correlate closely with the company estimates which were presented in 
Tables 19, 20 and 21. 
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Table 22: Estimates of CSW available for end use in Chinchilla district, 2015. 
 
Use Specific Use 
Average Annual 
Production 
(ML/year) 
Estimated Average 
Annual Delivery 
Forecast (ML/year)
1
 
 
QGC 
Private agriculture 
Irrigated cropping 28783 22608 
Aquaculture 376 282 
Human consumption  Town water supply 500 500 
 
Arrow Energy 
 
Private agriculture Cattle feedlot 73 73 
Company agriculture Irrigated cropping 4500 4500 
Power generation Power station cooling 6500 6500 
Human consumption  Town water supply 2250 2250 
 
APLNG 
 
Private agriculture Irrigated cropping 14300 10640 
Other
2
 See note 
2
 4900 4900 
 
Total 
Private agriculture 
Irrigated cropping 43083 33248 
Aquaculture 376 282 
Cattle feedlot 73 73 
Company agriculture Irrigated cropping 4500 4500 
Power generation Power station cooling 6500 6500 
Human consumption  Town water supply 2750 2750 
Industrial  Coal washing 6677 6677 
Other
2
 See note 
2
 4900 4900 
 
Total across all uses 
 
 
68859 
 
58930 
 
1
  Based on information supplied by interviewees, online data of operator plant capacities, aerial surveys of irrigation 
infrastructure areas and literature for power station usage rates etc (Arrow Energy, 2014a, QGC Pty Ltd, 2013b, APLNG Pty 
Ltd, 2012). 
2
  Possibly used by operator and/or released to stream (APLNG Pty Ltd, 2014c). 
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QGC has the largest treatment plant in the district with all of this water destined for private 
beneficial use by irrigators and the Chinchilla township. This water is supplied by the 
government water utility, SunWater. It is likely that the interviewee figures for usage are 
less than operator estimates for plant treatment volumes is because this system of delivery 
largely incorporates the open waters of the Chinchilla weir and Condamine River.  These 
are subject to high evaporation rates in summer months. QGC has 19 separate customers 
(including the Chinchilla township) for treated water.  Five hundred ML/yr of RO treated 
water is used for human consumption for the town of Chinchilla (SunWater, 2015).  CSW 
represents about half of total water drawn from the Weir for the Chinchilla township.  
Irrigators can draw CSW from the Chinchilla Weir after the weir drops below 30% capacity.  
This provides a level of supply guarantee and economic security.  
  
Arrow Energy supplies over 60% of its CSW to industrial users for coal washing and 
cooling in power stations that the company partly owns.  Water consumption for cooling 
was estimated from industry averages for water use per gigawatt hour (Gwh) (Smart A and 
Aspinall A, 2009).  This operator also supplies 22% of its CSW in treated form to its own 
irrigation property (Arrow Energy, 2014b).  Water use was calculated from an estimate of 
irrigated area (from the number of centre-pivot irrigators on the property) and an average 
application rate of 4.5 ML/ha for irrigated crops on the Western Downs (Department of 
Agriculture Fisheries and Forestry, 2015).  Supply of untreated CSW to industrial uses was 
estimated by subtraction from the known total volume (Arrow Energy, 2014b).  Arrow also 
supplies untreated water to a private feedlot operator and to the town of Dalby.  In each 
case, CSW is treated by the feedlot operator and by local government.  
   
While QGC and Arrow provide water for industrial, human consumption and agricultural 
irrigators, APLNG only provides treated water for irrigated crop production which includes 
lucerne production for local cattle feedlots.  This operator provides CSW for 7 landholders.  
Four were interviewed and the remainder provided information.  
 
The two largest irrigation water users took nearly half of all water supplied.  These are 
relatively large corporate farms that relocated to this district to access CSW and to service 
the feedlot industry. Sixty percent of all treated CSW is used to irrigate crops, mostly 
cotton.  While lucerne growers were less than half the number of cotton growers, they 
used almost as much water. CSW may also be released to surface watercourses, which is 
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not considered beneficial use in Australia.  Of the 17 irrigation customers of QGC, 12 were 
interviewed.  They represented 89% of the water supplied by this operator.  Hence, it is 
expected that additional interviews would be unlikely to yield much additional information. 
 
Table 21 also shows that between 90% of plant capacity (for Arrow and QGC) and 70% for 
APLNG (APLNG Pty Ltd, 2012, Arrow Energy, 2014b, QGC Pty Ltd, 2013b) is estimated to 
be used for beneficial use such as irrigated agriculture. Irrigated crops used 61% of the 
water with 44% of this applied to lucerne growing.  This is followed by power stations 
(12%), other industrial (9%) and human consumption (5%). The lower plant capacity 
conversion rate for operator 3 is possibly due to them having approval to release 40ML/d 
to surface watercourses (Department of Environment and Heritage Protection, 2014b, 
APLNG Pty Ltd, 2014c).  One interviewee suggested that this was partly because the 
irrigation scheme was not designed to accommodate the volume of water.  He stated: 
 
“The company [APLNG] didn’t design the scheme properly…some dumb engineer didn’t 
get the size of the pipes or pumps right…too late now…” [CSW irrigator]. 
 
Table 21 is based on empirical evidence interview data which was verified among 
interviewees and checked against written material supplied by interviewees (not 
reproduced in this thesis).  Therefore, there is a high level of confidence in figures 
presented in this table and for Tables 19, 20 and 21.  This data is supported by web-based 
company data.  The importance of this is that it provides confidence in company data used 
in this thesis including for the modelled water production data. 
 
There was only one private agricultural producer receiving CSW from Arrow Energy.  This 
is for 73 ML/yr which is treated by the client on site and the water is used for watering 
stock in the feedlot.  No price is paid for this allocation.   This client claimed that there is 
insufficient water for this purpose to enable the expansion planned.  He would like to 
expand this business from 6,000 head to 14,000 head and has approval for this subject to 
water availability.    
 
As seen from Table 20, there are 20 customers/contracts identified as using CSW supplied 
by QGC/Sunwater.  Since writing these contracts, two have changed hands and one 
customer has bought one of the other contracts.  As well as this two of these contracts are 
  
165 
 
owned by the same party, albeit on different properties.  This leaves a total of 18 individual 
customers.  Customer number 8 is the only one which can be identified as this is the 
Western Downs Regional Council.  It can be identified because the contracted volume has 
been printed in local media.  This is the only customer which has a guaranteed contract 
volume whereas most of the others are only receiving about 75% of their contracted 
volumes 
 
Of the 18 customers identified 12 were interviewed. Some were in receipt of QGC and 
Origin supplied CSW. While this represented two thirds of all QGC customers it 
represented 89% of the water supplied by QGC.  On this basis it is believed that additional 
interviews of QGC/Sunwater customers would be unlikely to yield much additional 
information which would be of use for analysis in this thesis.  
 
As seen from Table 21, there are seven customers for CSW supplied by APLNG on the 
Fairymeadow Road Irrigation Project (FRIP).  Four of these provided in-depth interviews 
with the remaining three unwilling to be interviewed but they did provide some information 
by telephone which could be used for confirmation purposes.  There is a high degree of 
confidence in the figures provided for customers 1 to 6.  Customer 7 is known to be a 
major customer but was unwilling to provide figures for water volumes received.  Given 
this irrigator has 6 by 60 ha pivot irrigators and applying the industry average for this area 
of 8ML/ha for irrigated lucerne (CSIRO, 2012a), the amount of water contracted would be 
about 3000 ML/yr but it could be more or less.  If it is less than 3000ML/yr then the amount 
of water processed by the treatment plants is less than the figures quoted by APLNG in its 
publicity material (APLNG Pty Ltd, 2012) or a larger volume is released to stream which is 
possible (see Table 21).  The amount quoted for customer 7 is also estimated from the 
known total for all users as the relevant CSG company would not provide any figures 
including the amount possibly released to stream. 
 
Interviewee questions about whether CSW should be used beneficially or not were 
designed to address the research questions listed in Section 2.9.  The fact that the water 
was beneficially used tended to over-ride the objection of some about the equity issue (see 
Section 2.1) with the majority (>80%) of respondents across all groups accepting that most 
people in the community received some benefit from CSW provision even if they did not do 
so directly.  They generally believed that CSW should be beneficially used.  The most 
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common words used to describe this were “best method,” “cost effective” and “greatest 
benefit.”  Within the individual interviewee groups, the farmers with CSW were 100% 
supportive by saying this was the best use of the water even when re-injection was 
feasible.  There was however, an acknowledgement that this may not be possible in all 
parts of Queensland. 
Beneficial use of CSW was supported by more than 50% of the farmers without CSW.  
Within the minority there were words used such as “better to re-inject,” “stop practice,” 
“unknown affect” and “poor science.” 
Within the expert commentator group most (>75%) supported beneficial use of CSW.  
Words used included “best alternative” and “widest benefit.”  A significant number (>40%) 
thought distribution could have been wider and “re-injection” would have resulted in a 
better distributive method. 
 
4.2 Social impact 
 
Interviewees raised several issues about the use of CSW which had a social dimension 
including; the value of water and water scarcity, equity of access of CSW and factors 
affecting transition to use CSW.  These issues addressed all three research questions.  
The issue of transition and equity of access is discussed here as this is largely considered 
to be a social issue but it clearly has economic aspects as well.  Another social issue was 
family life and sense of wellbeing, which had in some instances been adversely affected 
by the CSG industry and it was interesting that in those cases, compensation for gas wells 
on their properties and the offer of CSW had not changed their opinion. 
 
4.2.2 Family life and sense of wellbeing  
 
Within each interview group (Section 3.2) respondents tended to hold similar views about 
the impacts of the CSG industry and how provision of CSW had affected them or their 
neighbours.  Despite this, many interviewees across all groups described the significant 
change that the CSG industry had led to, such as; controversy dividing members of the 
community, change to communities and the landscape and the potential impacts of the 
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extraction of groundwater.  Interviewees described these issues as positive or negative 
depending on individual impacts and their viewpoints. 
 
All landholders interviewed who received CSW for irrigation noted that it had enabled them 
to increase annual income.  However, several were concerned about the controversy 
associated with the CSG industry and how they were perceived in their community.  Some 
believed they had lost friendships by irrigating with CSW.  A landholder said; 
 
“We went into this with an open mind but unfortunately some in the district believed we 
should have refused this water…I don’t blame them but then they should have understood 
that the water had to go somewhere… there really was no other alternative… I am sorry 
that [former friend’s name] no longer speaks to me…” [CSW irrigator]. 
 
Most irrigators using CSW recognised the economic benefits of CSW. However, many also 
had reservations about the CSG industry.  A CSW user said that the economic benefits 
were offset by disadvantages of the industry, stating: 
 
“At first we were pretty excited with the prospect of getting CSW for irrigation… it meant 
we could irrigate that bottom paddock… that was ok and that is working well enough but all 
the other stuff has completely destroyed us and our family….We have got wells near our 
house which are noisy...they keep us awake all night and the gas leaks are making our 
kids sick…We moved here for our lifestyle… they couldn’t give a stuff about us… it is all 
just business…I am a third generation farmer in this district but now we want out of here…” 
[CSW irrigator]. 
 
Properties without CSW were mostly used for grazing purposes.  Less than 20% of these 
had some dryland cropping and none had irrigation.  Of these farms, one-third had the 
opportunity to access CSW but had refused.  One of these farmer/graziers explained his 
reasons for this; 
 
“You just wouldn’t trust the bastards [CSG companies]…every deal I did with them they 
broke…  everything they said were lies…” [dryland farmer]. 
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Several interviewees related examples of relationships in the district being affected by 
landholders accessing CSW. One of these commented; 
 
“I grew up with these guys, we went to the same schools and so did our parents go to the 
same schools as their parents….I can’t even look them in the eye now let alone have a 
beer with them…” [non-CSW user grazier].  Another said; 
 
“Those blokes were already ‘the have lots’ now they are ‘the have lots more’…this doesn’t 
improve community feelings…” [non-CSW user grazier]. 
 
Feedback from experts varied but a typical comment was as follows; 
 
“Regardless of how or why it happened, this industry is here to stay… it is our 
responsibility to ensure it provides the maximum benefit with as few adverse 
consequences as possible…” [industry commentator]. 
 
Many interviewees stated that despite direct and indirect economic benefits from CSG and 
CSW, the CSG industry was not engaged with the needs and concerns of agricultural 
communities.  They noted that CSG operators had improved their communication and 
understanding of landholders and communities over time.  However, they saw the 
provision of CSW as a commercial decision for operators that were in their interest (for 
disposal of water) rather than necessarily to deliberately provide irrigation water for 
landholders.   
 
One particular landholder who was in receipt of CSW remained dissatisfied about the 
social outcome for him and his family.  This is shown in the following statement; 
 
“We moved here for our lifestyle… despite what I said, they went and put a well right under 
the eagle’s nest…[farmer took me to see a pile of sticks and feathers on the ground – he 
was very emotional]…I used to take my kids here to see the eagle…it was the only one for 
miles around here…they were devastated…this is symptomatic of these (expletive)…they 
couldn’t give a stuff about us… it is all just business…we want out of here…” [CSW 
irrigator]. 
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4.2.3 Enterprise Transition 
 
Interviewees raised several issues that influenced their decision-making about CSW and 
making a transition from dryland to irrigated agriculture.  Interviewees reported that 
existing irrigators may not want CSW to avoid possibly replacing known allocations from 
surface streams and other sources, even if this water was considerably more expensive.  
Some interviewees also said that potential CSW users without access to other water 
sources may still not wish to invest in irrigation infrastructure or even receive “free water” 
given its relatively limited timeframe of availability. 
 
Some irrigator interviewees stated that they needed a reliable long term water supply of 
known quantity and quality more than they needed cheap water. This factor was reflected 
in CSW use as demonstrated by the following statement; 
 
“Even though I knew I would not get my full allocation this was far better security than 
other water available around here…I don’t think I have ever gotten my full allocation of 
river water…this [CSW] has enabled a whole new and secure crop planning program…” 
[CSW irrigator]. 
   
Key issues for potential CSW users were; the price of access, conditions associated with 
water use and level of investment.  Despite the low price of CSW, many interviewees 
stated that the many terms and conditions for its supply made it difficult for them to 
determine its real value.  The substantial penalties for not accepting contracted water and 
the inability to transfer CSW to alternative means of disposal, such as flow to stream, was 
raised as a key condition.  Respondents were concerned that all risks for managing 
contracted volumes reside with the user.  A CSW user stated; 
 
“We were all a bit spooked by this penalty clause thing…as it turned out we were all able 
to shift water between each other…I don’t know if anyone has paid a penalty so far…but 
that could change during a flood…” [CSW irrigator]. 
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Many interviewees, including many older landholders, reported that they needed to be 
convinced that CSW could provide long term benefits without added financial and other 
risks.  Younger, more progressive, irrigators perceived much less risk in using CSW. This 
is reflected in the following statement; 
 
“I would have liked to have taken more [CSW] and Dad certainly should have taken more 
on his place…if it wasn’t for me we probably would have passed on the opportunity…that 
would have been a huge mistake…he has always kept the pressure on me though…this is 
no holiday camp…but you should see the smile on his face now…sorry, but he would 
never give you an interview though…” [CSW irrigator]. 
 
One landholder who refused CSW was particularly motivated to avoid risk.   He 
commented; 
 
“I am quite content with the way things are…it was ok for my Dad and my son and his kids 
will do just fine…who knows about those other guys [CSW irrigators]…” [non-CSW 
farmer/grazier]. 
 
4.2.4 Equity of CSW access 
 
Responses about equity of distribution varied.  Landholder interviewees expressed widely 
different views about access to CSW.  Many interviewees saw that while beneficial use of 
CSW had offered considerable benefits to some, these benefits should be distributed more 
widely.  Most experts reported that decisions about equity were managed but more 
needed to be done to achieve better equity of distribution.   This is reflected in the 
following comments; 
  
“It was a commercial decision by the companies and we were in the right place at the right 
time…” [CSW irrigator]. 
 
“The government never should have allowed this…the industry should only have been 
approved if the companies agreed to put the water back in the ground…” [non-CSW user 
farmer/grazier]. 
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“Provided the safeguards are there I can’t see a problem with it…it is certainly better than 
wasting it...” [industry commentator]. 
 
Sixty five percent of landholders receiving CSW stated the distribution of CSW was out of 
their control.  They used words like “company policy,” “only method,” “not ideal” and 
“contract condition” to describe access to water.  They also stated “it was offered,” “no 
brainer” and “easy choice” to explain their decision to access CSW and that it was an 
“opportunity,” a “once in a lifetime” situation or that they were “just lucky.” 
 
Almost all landholder interviewees that were not able to access CSW were critical of the 
way water was distributed.  They used words such as “unfair” and “inequitable” and some 
stated that distribution decisions were “corrupt” or “illegal”.  Many believed that CSW 
extraction had adversely affected their groundwater resources and this was not adequately 
addressed.  They used words like “not compensated” and “stolen”.  Most interviewees 
reported that re-injection of CSW into aquifers would have been a more equitable way to 
distribute it.  They saw that government monitoring would not necessarily change the 
situation.  This is reflected in the following comments; 
 
“There is no doubt that if this water [CSW] had been re-injected no-one would have 
complained, even me…but now we are the bad guys…” [CSW irrigator]. 
 
“The government should have mandated this [CSW] be treated and put back into an 
accessible aquifer for all to use…” [non-CSW farmer/grazier]. 
 
“Why would the companies do it if it was going to cost more?...clearly this was where the 
government should have stepped in…” [non-CSW farmer/grazier]. 
 
In commenting on equity of distribution, most experts used words such as “better method,” 
“unfair” and “unfortunate.”  Some suggested improved distribution via “re-injection”, “quota” 
and “independent operation”.  Half of the expert interviewees said that distribution was as 
good as could be expected, describing it as “cost effective” and “reasonable”.  Against this 
balanced view, one commentator said; 
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“We don’t support the [CSG] industry full stop…the industry will probably collapse with all 
hydrocarbon based energy producers anyway….however, in the meantime this water 
[CSW] should go back in the ground….at least that way the environment is not as badly 
affected and all potential water [CSW] users are treated equitably…”  [political 
commentator]. 
 
Interviews suggest a broad perception that a more equitable beneficial use of CSW would 
be obtained from reinjection of water into suitable aquifers to replenish groundwater 
supplies which could be accessed by more landholders.  This issue is revisited under 
Section 4.4. 
 
4.3 Economic Analysis 
 
The results of this economic evaluation including crop yields, gross margins and NPV 
analyses on an enterprise and per hectare basis are provided for each of these case 
studies in the following sections.  This material helps answer research questions 1 and 2 in 
Section 2.9. 
 
Dryland cropping and grazing is presented as the base cases because they form the 
maximum possible return without any irrigation regardless of the source. 
 
4.3.1 Dryland grazing and cropping base cases 
 
Table 23, shows that dryland cattle graziers are making a very modest income based on a 
gross margin of $47.67/AE($/animal equivalent – see footnote 30) (Department of 
Agriculture Fisheries and Forestry, 2015).  Even the largest landholding grazier 
interviewed, with 2,270 AEs only made a little over $100,000 enterprise gross margin per 
year. 
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Table 23: Dryland grazing gross margins, 2015. 
 
Type 
 
CSG wells 
 
CSW 
ML 
 
Size ha 
 
Number of 
AE
30
 
 
Ha/AE 
Gross 
Margin 
$’000 
Cattle grazier none no 5,544 2270 2.44 108 
Cattle grazier refused refused 779 139 5.6 6.6 
Cattle grazier 6 possible no 2,226 150 14.8 7.2 
Cattle 
grazier/farmer 
possible no 1,530 450 3.4 21.5 
Cattle grazier 6 possible no 3,157 300 10.5 14.3 
Cattle grazier possible no 1,196 800 1.5 38.2 
Cattle grazier permission 
granted for 6 
no 324 32 10.1 1.5 
 
 
APSIM showed (See Appendix O) that there was sufficient soil moisture and rainfall to 
grow either wheat or sorghum, on suitable soil on the Western Downs, every year during 
the 1910 to 2010 period.   APSIM yields were roughly in accordance with average rain-fed 
yield for wheat (2.5t/ha) and sorghum (3.5t/ha) as used by the Queensland Department of 
Agriculture (Department of Agriculture Fisheries and Forestry, 2015). Based on sufficient 
moisture, it predicts that in every year a dryland farmer either grew wheat or sorghum but 
only one crop was grown and in some dry years the income derived from this yield was 
insufficient to cover the cost of production.  This was true for the 1990 to 2009 period 
where 8 out of the 20 years were net negative cash flow years.   For the 20-year NPV 
analysis, only recurrent costs were included which generated a gross margin from $580 to 
$2,250/ha.  However, if initial capital was included for even a modest $1,000/ha, at a 5 
percent discount rate, only one out of five profitable 20 year periods occurred, that is for 
the 1950 to 1969 period.  If the discount rate is reduced to 3 percent, all five 20 year 
periods have positive NPVs and even one period of these (1950 – 1969) is positive with 
initial capital at over $3,000/ha. Dryland cropping, is illustrated in Table 24.  This was more 
profitable than dryland grazing. 
 
 
                                            
30
  Animal equivalents; breeding cow = 1.07 AE, bull = 1.38 AE, 3yr steer = 1.23 AE etc. DEPARTMENT OF AGRICULTURE 
FISHERIES AND FORESTRY 2015. Agbiz tools In: DEPARTMENT OF AGRICULTURE FISHERIES AND FORESTRY (ed.). 
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Table 24: Dryland cropping gross margins, 2015. 
 
 
Type 
 
CSG wells 
 
CSW 
ML 
 
Size ha 
 
Crop area 
ha 
Gross 
Margin 
$’000 
Farmer 
 cotton 
 wheat 
 sorghum 
 maize 
Refused 16 refused 1,487  
500 
300 
300 
300 
 
154.5 
137.5 
263.5 
107.9 
Farmer 
 cotton 
permission 
granted for 6 
no 599  
590 
 
182.3 
 
4.3.2 Irrigators who substitute other water with CSW 
 
Table 25 shows that all of the irrigators interviewed enjoyed significantly higher farm and 
per ha gross margins compared with dryland farmers (Table 24).  This is primarily because 
the gross margin for sorghum, increases from $878/ha rain-fed to $1,235/ha irrigated 
(Department of Agriculture Fisheries and Forestry, 2015). For irrigators (Table 25), APSIM 
data (see Appendix O) also showed that with optimum water management on several 
dryland crop scenarios (wheat/sorghum, wheat/cotton and wheat/maize) up to two crops 
could be successfully grown compared with only one dryland.   
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Table 25: Irrigator gross margins, 2015. 
Type CSG 
wells 
CSW 
contract 
volume 
ML 
Storage 
Volume 
ML 
Other 
water 
ML 
Size 
ha 
Irrigated 
area ha 
Gross 
Margin 
Other 
water 
$’000 
Gross 
Margin 
CSW 
$’000 
Grain 
crops 
9 agreed, 
5 more 
possible 
3000 1100 600 
overland 
963 630 777.8 
(sorghum) 
1,885.0 
(cotton) 
349.4 
(wheat) 
 
Grain 
crops 
3 
possible 
5500 1800 800 
unsup 
200 
overland 
1215 608 750.6 
(sorghum) 
1,819.1 
(cotton) 
331.1 
(wheat) 
Grain 
crops 
possible 2500 2000 250 
overland 
250 sup, 
250 
unsup 
931 325 401.2 
(sorghum) 
969.4 
(cotton) 
177.0 
(wheat) 
Grain 
crops 
12 
possible 
1800 850 200 
overland 
275 sup 
728 344 424.7 
(sorghum) 
1,029.3 
(cotton) 
187.3 
(wheat) 
Grain 
crops 
possible 2400 1500 1000 
overland 
1000 sup 
 
2225 700 864.2 
(sorghum) 
2,094.4 
(cotton) 
381.2 
(wheat) 
Grain 
crops 
possible 2600 1100 100 
overland 
150 sup 
 
1000 324 400.0 
(sorghum) 
969.4 
(cotton) 
176.4 
(wheat) 
 
Because they use existing infrastructure, it is possible to ignore the need for initial capital 
shown in the partial budget formula, for irrigators who substitute existing water for CSW.  
For them, the shift from single crop irrigated sorghum to single crop irrigated cotton 
resulted in an average NPV increase from $1,755/ha to $5,982/ha for a 20-year 
investment scenario. However if the double crop wheat/sorghum and wheat/maize options 
are compared with wheat/cotton this increases from $2,845/ha and $2,919/ha to 
$7,071/ha.  
 
The price of water used to calculate the gross margins for these irrigated crops is $70/ML 
(Department of Agriculture Fisheries and Forestry, 2015). This can be broken down into its 
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various components depending on; the source, storage costs, location and number of 
times during the crop growing period that water is pumped (Department of Primary 
Industries, 2015).  The $70/ML figure assumes pumping from the Condamine River twice 
at a total cost of $28/ML, a volumetric licence fee for supplemented water at $30/ML plus 
$12/ML of other costs associated with delivering this water to the crop. The pumping cost 
takes into consideration fuel and maintenance.  These costs do not include the many 
hidden costs and inefficiencies associated with this source, including the fact that this 
water can only be delivered when the river is flowing at a sufficient rate.  This means that 
water may have to be stored for long periods of time so that it can be used when the crop 
most needs it.  As a result there can be significant losses from evaporation especially in 
summer months.  These additional costs are not factored into these gross margins.   
 
Against regulated river supplies other sources such as bores can be used efficiently 
because they can be accessed when needed with less evaporative losses.  However, it 
should be noted that the pumping costs can be in excess of $120/ML (Department of 
Primary Industries, 2015).  Overland flow carries inefficiencies associated with its lack of 
reliability, storage and evaporative losses as well as additional infrastructure and pumping 
costs.  Therefore no accurate figure could be derived and modelled for a bore water 
option. 
 
This means it is very difficult to accurately estimate the real cost of delivering different 
irrigation water to a specific crop.  This cost will vary significantly between individual 
irrigators depending on the cost of their water. However, the cost of delivering CSW is 
estimated fairly accurately at around $45/ML overall which results in an increase in the 
gross margin for irrigators of about another $125/ha compared with using regulated river 
water ($25/ML x 5 ML/ha).  This would result in a theoretical increase in the enterprise 
gross margin for each irrigator in Table 25, in excess of another $100,000/yr. 
 
Another significant finding is that, unlike dryland farmers and graziers, the prospect of 
significant CSG well compensation for Table 25 irrigators, is not sufficient to exceed their 
farm income in all cases except one who had 48 wells.  As shown in all tables 22 to 25, for 
each case study, all cases except table 24 irrigators receive more from well compensation 
than farming or grazing.  
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4.3.3 New or expanded enterprises based on CSW 
 
From Table 26, it can be seen that the largest increase in profit is achieved by the 
commercial lucerne grower.  This result is because the gross margin for irrigated lucerne 
production is $2,992/ha which is the largest gross margin for any annual irrigated crop on 
the Western Downs including for cotton (Department of Agriculture Fisheries and Forestry, 
2015).  This gross margin is an underestimate for this grower because this is based on 
water costs of $60/Ml whereas this particular user’s CSW costs are only about $25/ML.  
This is because this water is accessed directly off the pipeline from the treatment plant, 
meaning there are no pumping costs and no evaporative losses in storage.  This results in 
an increase in the gross margin for this user of about $175/ha ($35x5ML/ha) (irrigated). 
Unlike irrigators listed in Table 25, for those who expanded their operations, as listed in 
Table 26, there is a need to take account initial capital expenditure in calculating NPVs.  
This is because this investment relates to expanded or new enterprise development.  From 
discussion with the major irrigation suppliers in this district, this capital expenditure ranges 
from about $4,200/ha up to $5,000/ha.  This expenditure relates to the cost of centre 
pivots at about $250,000, for a 60 ha centre pivot, plus additional pumping, piping and 
other infrastructure.  The 20 year NPV for this particular investor would be $6440/ha 
(irrigated). 
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Table 26: New enterprise gross margins, 2015. 
New 
enterprise 
CSG 
wells 
CSW 
contract 
volume 
ML/yr 
Storage 
Volume 
ML 
Other 
water 
ML/yr 
Size 
ha 
Irrigated 
area ha 
Gross 
Margin 
Start 
$’000 
Gross 
Margin 
With 
CSW 
$’000 
Commercial 
lucerne 
Possible, 
unknown 
number 
6,000 nil nil 974 300 
(increase 
to 400) 
4.0 
(cattle) 
1,111.7 
(lucerne) 
Cattle feedlot 
(8,000 
increase to 
11,000) 
10 
possible 
73 600 200 
overland 
flow 
1,400 nil 381.4 
(cattle) 
524.4 
(cattle) 
Cattle feedlot 
(o to 5,000) 
48 1,000 500 100 
overland 
100 bore 
2,000 100 
(silage) 
- 238.4 
(cattle) 
124.6 
(silage) 
Cattle feedlot 
(6,000 
increase to 
10,000) 
3 possible 1,300 690 250 bore 2,024 290 
(14,000 
tonnes 
silage) 
286.0 
(cattle) 
 
 
476.7 
(cattle) 
361.4 
(silage) 
Cattle feedlot 
(increase 
9,000 to 
25,000 head) 
Possible, 
unknown 
number 
7,515 6,000 7,200 
total 
overland, 
bore and 
river 
9,080 770 (624 
lucerne, 
146 
silage) 
429.0 
(cattle) 
1,191.8 
(cattle) 
2,311.6 
(lucerne) 
182.0 
(silage) 
 
 
Fish farming 
(78 tonnes 
on 10 ha – 
increase to 
27 ha) 
3 with 2 
more 
possible 
376 500 100 bore 557 10 (fish 
ponds) 
1.0 
(cattle) 
800.0 
(fish) 
 
Grain crops 7 100 nil nil 349 26 - 33.3 
Cattle grazier 
(increase 60 
to 120 
breeders) 
17 
possible 
752 500 
proposed 
100 
unsup 
183 sup 
830 80 2.9 5.7 
 
The gross margin for feedlots in Queensland is estimated at $47.67/AE (Department of 
Agriculture Fisheries and Forestry, 2015).  The cost breakdown for cattle feedlots in 
Australia shows that animal purchase costs are around 62%, feed 29% with the remaining 
9% comprising labour and capital (Deblitz C et al., 2012). 
 
From Table 26, the first listed feedlot operator simply uses the CSW for watering stock so 
the expanded enterprise returns are based only on the standard gross margin 
($47.67/AE). The second and third feedlot operators grow irrigated silage from their CSW 
allocation for their feedlots which results in them obtaining and additional $1246/ha 
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(irrigated), but when factored into their feedlot numbers, the second only obtains an 
additional $20.80/AE gross margin whereas the third obtains an additional increase in 
gross margin of $90.35/AE.  The forth operator, however, grows irrigated lucerne and 
silage and increases the gross margin by $179.94/AE. 
 
According to these strategies, the NPV for a 20 year investment for these feedlots varies 
from $95.31/AE up to $543.26/AE.  Because the capital component of feedlot operations is 
less than 5 percent of all costs on an AE basis, these NPV figures need to be reduced by 
about 5 percent.   
 
The fish farming operational details cannot be provided owing to the small sample size and 
commercial-in-confidence nature of this data, however, the operator agreed to provide 
some information in order that water efficiency and gross margin comparisons could be 
made.  This operator has 10ha of fish ponds with an initial capital expenditure of about 
$1M/ha.  This yields an NPV for a 20 year investment of about $1.6M/ha or a net $0.6M/ha 
(fish pond).   
 
The other two operators listed in Table 26, are a grain grower and a cattle breeder.  These 
producers expanded their operations as a result of CSW allowances but given the small 
size of these operations the significance of this and its application for wider analysis is not 
described here. 
 
The prospect of significant CSG well compensation for Table 26 irrigators, is not sufficient 
to exceed their farm income in all cases.  
  
4.4 Environmental Impacts 
 
One of the main areas of concern for environmental commentators with regard to CSW 
use is related to its chemical content and the potential risk from its release to the 
environment.  These commentators should (possibly do) realise that the salts and 
chemicals are removed during treatment but voice their concerns nonetheless (Hutton D, 
2014b)   This issue is discussed in detail in the literature review in Sections  2.1.1.9 and 
Section 2.1.2  This review includes discussion of the potential for even treated CSW to 
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contribute (as does any irrigation with any water) to potential salt accumulation in the soil.  
There is also an issue about of disposal of residual salt from evaporation of brine at 
treatment plants.    As a result of these concerns this issue was raised with all 
interviewees.  None of the interviewees expressed any major concerns about this issue 
except for one political commentator.  These views are captured in the next section on 
water quality.  
 
4.4.1 CSW quality 
 
All CSW user interviewees considered that, once treated, CSW was safe for drinking, for 
long-term irrigation on all their soils and for irrigation equipment.  One respondent who 
uses CSW for aquaculture found CSW safe for freshwater fish that are very sensitive to 
water quality.  An interviewee stated; 
  
“If there was any problem with this water it would have shown up by now… the greenies 
are just stirring up trouble…” [CSW irrigator]. 
 
Most interviewees who did not use CSW also stated that treated CSW quality was safe. 
 
“It is the same water my cattle drink…there really isn’t an issue with the quality, that is the 
least of the problems… there are far greater problems in relation to distribution and 
wastage…” [non-CSW user]. 
 
Some non-CSW users had concerns about water quality stating that there were “unknown 
impacts,” “major concerns,” “don’t trust” and “long term impact.”  Expert interviewees were 
concerned about the management of reverse osmosis rejectate (remaining concentrated 
brine water), rather than the use of treated CSW in irrigation.  They saw the need for more 
evidence stating that they were “troubled,” “didn’t believe science,” “insufficient science,” 
“more science needed” and “unknown impacts.”  An interviewee stated; 
 
“Despite all the trials and attempts at disposal there is still no consensus about what they 
are going to do with all the salt… at last count I heard there was going to be 40,000 tonnes 
of salt produced in this district alone… where is it all going to go?... they are all going to 
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bury it in sealed concrete bunkers…yeah right…the government never should have 
approved this industry without a known solution to this problem…” [industry commentator]. 
 
As discussed in the literature review in Section  2.1.1.9 and Section 2.1.2,  water quality 
has been a major environmental concern especially the risks associated with release of 
untreated water to the environment.  Also the use of treated water has been of concern to 
many environmental groups especially with regard to release of this water to streams and 
its potential impact on aquatic flora and fauna.  While the conclusion from the literature 
review was generally positive in terms of their being minimal risk there was also the 
conclusion that monitoring and legislative controls and regulations would help protect the 
environment.   To test this conclusion this question was raised with farmers in questions 
16, 19 and 20. 
 
The overwhelming response (100%) from CSW users is that this water is absolutely safe 
for drinking or irrigation purposes.  The WDRC has tested the water on a regular basis and 
found it suitable for human consumption.  All of the irrigators reported that it is has 
presented no problems for crops or irrigation equipment and regard it as absolutely safe 
for extended use on all soils.  Some farmers have had their soils tested for residual salt 
and found no problems with CSW.  One respondent who uses CSW to grow freshwater 
fish for a major commercial fishery has found the water absolutely safe for this purpose.  
He regularly tests the water and he reported that he is “the canary in the mine” as far as 
water quality is concerned because if there are any contaminants in the water the fish will 
die or show ill effects long before humans, animals or plants. 
 
Summary NVivo results for water quality by CSW users were 100% positive based on 
selected keywords appearing in relevant question.  These words included; “fine,” “potable,” 
“excellent,” “drinkable” and “perfect.”  
 
These results were not fully supported by non CSW farm users or expert commentators.  A 
large proportion (45% of questions) revealed major concerns about water quality.  
Keywords included “unknown impacts,” “major concerns,” “don’t trust” and “long term 
impact.”  
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Fewer concerns were expressed among expert commentators.  This question was directly 
put in question 36 although it was also covered in questions 9, 10, 14, 31, 33, 38 and 44.   
20% of respondents were “troubled,” “didn’t believe science,” “insufficient science,” “more 
science needed” and “unknown impacts.”   In general however the consensus from 
answers were that they were not concerned about water quality with 80% saying “no 
detrimental impact,” “no concerns” and “little impact.” 
 
4.4.2 Groundwater impacts 
 
The issue of groundwater impact caused by dewatering the coal seam aquifer is an 
extremely sensitive issue with vastly different opinions given by CSW user farmers 
compared with those farmers who are not.  As a result of this sensitivity this question was 
not usually asked directly however it was found that in all farm interviews this issue came 
up regardless.  Within the farmers with and without CSW this came up mostly under 
questions 16, 20 and 25.  This question was however put directly to expert commentators. 
 
Most CSW famer answers (>80%) stated that the impacts on groundwater aquifers were 
“minimal.” Where there had been impacts these had been “mitigated” and general 
consensus was that even if there were adverse impacts these were far outweighed by the 
“huge benefits” to other farmers and the community in general.  They generally believed 
that long term impacts on groundwater would be rectified in time. 
 
With respect to farmers who do not receive CSW, over 80% of answers showed the CSG 
dewatering of aquifer activities to be “very bad,” “extremely detrimental,” “major damage” 
or “unknown damage.”  About 20% of answers reflected groundwater impacts to be 
“mitigated,” “compensated,” “repaired,” or “temporary.” Some respondent answers (about 
30%) were implacably opposed to dewatering.  They suggested legal action was required 
to stop this activity and suggested terms like “class action,” “petition government,” 
“environmental action” and “hostile reaction.” 
 
In respect of expert commentators, the answers/views to groundwater impacts were less 
polarised however there were some outliers (less than 10%) who were “totally opposed” 
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but the majority (>60%) whose answers included “responsibly managed,” “adequate 
compensation,” “adequately monitored” and “remediated.” 
 
There were numerous examples given of farmers receiving “significant compensation” for 
affected wells and some who were “not sufficiently compensated.” Most believed replacing 
“like with like” was fair but understood company unwillingness to provide compensatory 
water bores because of the expense. 
 
With regard to views about connectivity of aquifers and wider impacts on water source 
aquifers such as the Condamine Alluvium there was a wide divergence of views within all 
groups which varied from “high level of connectivity” through to “don’t think so” or 
“inadequate science” or “time will tell.”  
 
4.4.3 Sustainable Use 
 
Sustainable use of CSW requires management of the volume of water extracted, the effect 
on other water supplies and the length of time over which water is extracted.  Interviewees 
provided feedback about the impacts of CSG development on groundwater resources and 
their beliefs about the environmental impacts of the use of CSW. 
  
Most CSW irrigator interviewees stated that the potential impacts of CSG water extraction 
on aquifers were minimal.  They said that impacts had been mitigated and any adverse 
impact would be far outweighed by benefits to landholders and communities. They 
generally believed that long term impacts would be rectified over time.  This is 
encapsulated in the following comment; 
 
“I know there are some who are unhappy but the companies will compensate them and the 
district is benefiting enormously so let’s just get on with it…” [CSW irrigator]. 
 
Almost all non-CSW interviewees described CSG water extraction to be “very bad,” 
“extremely detrimental,” “major damage” or “unknown damage.”  About one fifth of 
interviewees said that groundwater impacts were “mitigated,” “compensated,” “repaired,” 
or “temporary.”  About one third of Non-CSW respondents were opposed to depressurising 
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the Walloon Coal Measures.  They mentioned “class action,” “petition government,” 
“environmental action” and “hostile reaction.”  A respondent said; 
 
“There are far more of us than them…we have been here for generations…this could 
really stuff agriculture around here for hundreds of years …who knows, but I certainly 
wouldn’t believe what the companies or the government is telling us…” [non-CSW user 
grazier]. 
 
Interviewees had a wide divergence of views on potential impacts on their aquifers as 
shown by statements ranging from “high level of connectivity”, “don’t think so”, “inadequate 
science” to “time will tell.”  
 
Several landholder interviewees mentioned “significant compensation” for affected water 
bores and some who were “not sufficiently compensated.”  Most believed replacing “like 
with like” (getting an equal quantity and quality of reliable bore water) was a fairer means 
of compensation than financial compensation. 
 
Most expert interviewees had more consistent responses including comments like 
“responsibly managed,” “adequate compensation,” “adequately monitored” and 
“remediated.”  An expert stated; 
 
“There have been a few reports written with the major one by the Department of Natural 
Resources and Mines which pretty clearly shows the aquifer impacts are minor and while 
there might be some leakage the water levels will come right in one generation after the 
industry departs…” [industry commentator]. 
 
Questions 16, 19 and 23 of CSW users address issues of variability and sustainability of 
production.  The Arrow Energy customer is extremely unhappy with the contract and 
supply guarantee and the fact that he has to undertake all his own treatment.  He believes 
this is inequitable and unfair.  He has no confidence in future supply and will be 
undertaking a major investment to seek alternative water supplies. 
 
In relation to QGC supplied water, most respondents under question 23 and 24 agree the 
volumes will reach 75% of contract which will peak in 2015.  While nearly 100% said they 
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remain disappointed with this they bemoan the fact that they hadn’t predicted this and 
opted for more water in the original contract.  The reason they didn’t was based on overly 
optimistic company forecasts and the risk associated with refusal penalties. 
 
Similar responses were given for these questions from Origin customers although 85% of 
answers reported they were either “happy” or “very happy” with the company and how it 
had helped them and supported establishment of their irrigation project.  The consensus 
among all interviewees is that they can expect 80% of contract volumes and this will 
decline after 2015.  
 
Questions about sustainable water supply were put to expert commentators under 
questions 6, 11, 12, 28, 33 and 44.  80% of respondent answers demonstrated that the 
companies had made “special” or “extraordinary” efforts to ensure beneficial use as 
opposed to alternative disposal mechanisms and should be “commended” for their efforts.  
The remaining commentators believed the industry should be “shut down” or the water 
should be “reinjected” and thought industry practice was “not sustainable.” 
 
Some economic impacts needed to be considered in light of environmental impacts. 
Compensation for bores is a clear benefit for struggling landholders but this could affect 
groundwater resources by depressurising the Walloon coal seam and access to 
groundwater for agriculture in the future.  One interviewee said: 
 
“I have two water bores on my place.  One bore they capped and paid me a substantial 
sum as compensation and the other bore is affected and we are still in negotiations about 
that one… this time I have asked for a new bore… they don’t want to come to the party 
because they know it could cost them a lot more money if they don’t find water in a deeper 
aquifer…this could end up in the courts…I don’t have any choice…this property would be 
useless without water.” [dryland farmer]. 
 
Another farmer stated:  
 
 “It is all very well them [the CSG company] offering me money for my bore if it goes dry… 
stock can’t drink money…this industry never should have been allowed… I blame the 
short-sighted politicians.” [grazier who refused CSW]. 
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And another farmer stated: 
 
“I have over 150 water troughs on my place and I try to check them all at least once every 
two weeks….one dry trough and I could lose 30 head of cattle…” [grazier not receiving 
CSW]. 
 
Most respondents believed the way to maximise economic return from CSW implied that it 
should be used at the surface following treatment, as opposed to alterative beneficial uses 
such as aquifer re-injection.  
 
The most common words used by interviewees to describe beneficial use were “best 
method,” “cost effective” and “greatest benefit.”  All landholders using CSW stated that 
irrigation was the best use of CSW.  However, some interviewees thought that re-injection 
would have been more equitable but that it may not always be possible.  
One landholder said: 
 
“This has really put me on my feet…I will never look back, I paid off my debts including for 
the 4 pivots I bought for this water...  My wife and I are going overseas for a holiday for the 
first time since we were married…” [CSW irrigator]. 
 
The use of CSW in agriculture was least supported by landholders without CSW.  They 
used words such as “better to re-inject,” “stop practice,” “unknown affect” and “poor 
science.”  However, half the interviewees supported irrigation.  One landholder stated: 
 
“I don’t blame those guys [CSW irrigators], the water was there for the taking and some of 
them have really shown what you can do with it…new dams, irrigation systems, big new 
house, you name it…” [non-CSW user]. 
 
Most experts supported immediate beneficial use of CSW.  Words used included “best 
alternative” and “widest benefit.”  However some experts thought that CSW could be better 
distributed and that “re-injection” would have resulted in better distribution. 
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Respondents emphasised that maximising benefits from CSW requires a combination of 
adequate government regulation, financial incentives, environmental safeguards and 
situations that meet personal circumstances.  Some mentioned potential additional costs 
that may limit benefits from CSW including the cost to deliver water to distant locations, the 
cost of water storage, costs of land preparation and protection of vulnerable soils.  Some 
also mentioned supply contract conditions influencing their decision making. 
 
These results may be important when considering how to deliver this water in new areas of 
CSG development.  For instance, there remain some areas for potential irrigation and 
economic return in other parts of the Surat CMA.  In 2009-10 there was a total of 500,000 
hectares irrigated in Queensland of which 55,000 was located along the Condamine River 
(Australian Bureau of Statistics, 2014a).  Therefore, while CSW would potentially only add 
4.4% to irrigation in Queensland, it could potentially add 40% to irrigation along the 
Condamine River which would have a major local impact particularly given the constraints 
on water availability outlined previously. 
 
4.4.4 Improved CSW storage and distribution 
 
Interviewee responses to questions about fairness of distribution of CSW were designed to 
answer a major part of question 3 from Section 2.9.  These responses showed this was 
possibly the most sensitive issue of all. This was confirmed by the guarded and careful 
responses to this issue from farmers receiving CSW and the anger and frustration shown 
by farmers who do not receive CSW.  Within the expert commentator group more than 
50% provided answers which showed that the companies and the authorities should have 
done more in terms of equity of distribution. 
 
Given the sensitivity of this issue, this was not often directly put to farmers receiving or not 
receiving CSW.  However, this issue came up in answer to farmer questions 10, 13, 14 
and 19.  More than half (65%) of the farmers receiving CSW admitted that this was an 
issue and used words like “company policy,” “only method,” “not ideal” and “contract 
condition” to describe that this was not their doing.  Mostly, they simply said “it was 
offered,” “no brainer” “easy choice” to explain that they were not responsible for the equity 
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of distribution and their decision to take this water was an “opportunity,” “once in a lifetime” 
or “just lucky.” 
 
Answers to these questions from farmers who were not receiving CSW were mostly 
(>80%) scathing in their opinion of the water distribution.  Words used included “unfair” 
and “inequitable” and on a few (< 30%) occasions “corrupt” or “illegal” were words used.  
Many believed CSW extraction had adversely affected their groundwater or that belonging 
to their neighbours and the companies had not adequately addressed this.  Words like “not 
compensated” and “stolen” were used in some (<30%) occasions.   Most (>75%) believed 
that the government was monitoring this situation but did not believe this would result in 
much change. 
 
With respect to expert commentators, the question of equity of distribution was put directly 
in question 25 but it also came up under questions 12, 13, 14, 15, 21, 22, 27, 30, 41, 44, 
45 and 46.  More than 50% of answers to these questions used words like “better method,” 
“unfair” and “unfortunate.” Methods suggested to improve distribution included “re-
injection” and “quota” with some (about 30%) suggesting “independent operation” as a 
better means of fair distribution.  About 50% thought distribution was as good as could be 
expected which was illustrated by words such as “cost effective” and “reasonable” being 
frequently used. 
 
4.5 Data limitations 
 
In the previous chapter an explanation was given for why a mixed method was used to 
answer research questions.  This was designed to address industry wide data and 
methodological limitations such as; sample size, representation, confidentiality and 
veracity.  The results produced for the study area provided in this chapter are designed to 
specifically address these limitations.  Another limitation discussed in the previous chapter 
was the limitations associated with the data sources (Table 16).  For instance, it was found 
that only interview data was capable of fully answering the research questions in relation 
to social and economic impacts.  This material also provided some information in relation 
to environmental issues but this was largely answered from the literature.  Time and 
resource constraints prevented a more thorough evaluation of these issues although it is 
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considered that all three aspects (economic, social and environmental) are covered in 
sufficient detail to derive meaningful and important conclusions about CSW’s contribution 
to sustainable agriculture. 
 
4.6 Result Summary 
4.6.1 Water Production 
 
Interview material was used to verify on-line company data regarding water treatment plant 
capacities (Arrow Energy, 2014a, QGC Pty Ltd, 2013b, APLNG Pty Ltd, 2012). The plant 
production figures are provided in Table 19, Table 20 and Table 21. It found a high level of 
correlation between interview responses and publically available information about plant 
capacities. This empirical data provided hard data which enabled confidence in estimating 
the actual volumes of water delivered for irrigation use in the study area.  This also 
provided confidence in estimates of CSW available for specific use.  Another way of 
evaluating this production data is in terms of its beneficial use.  This is summarised in 
Table 27. 
 
Table 27: Summary of beneficial use by end use, 2015. 
 
 
Beneficial use 
 
Number of customers 
 
Annual Water Use 
(ML) 
 
Percent of Total 
Irrigated crops 23 37748 64.1 
Feedlot 1 73 0.01 
Fish farming 1 282 0.5 
Human consumption 1 2750 4.7 
Stream release 1 4900 8.3 
Industrial 7 13177 22.4 
Total 34 58930 100.0 
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Table 27 shows that irrigated crops represented over 60% of all treated CSW used for 
irrigation in the Chinchilla District.  Most of these crops were cotton.  The irrigated crops 
were grown by 17 customers of treated CSW of whom 7 were lucerne growers.  In terms 
of water use, the lucerne growers used almost as much water as all the other irrigated 
crop users. The other major user was the environment in terms of possible water released 
to stream (see Table 22).  The amount of this release could not be confirmed from 
company reporting. 
Many who were interviewed expressed the opinion that the more CSW that could be used 
beneficially the better it would be for agricultural producers, the community and the 
economy generally.  The view was that even if there were shown to be some negative 
impacts, these would be far outweighed by the economic benefits.  In order to understand 
this issue better, a discussion of these benefits and costs is included here. 
   
The largest treatment plant in the study area is located at Kenya near Chinchilla. The 
government water utility, SunWater, distributes the treated water from this plant via a 
pipeline to the Chinchilla weir.  Water is provided to users on this pipeline, from the weir 
and below the weir, to 17 irrigators and the Chinchilla township. APLNG supplies private 
irrigators directly via a pipeline between its treatment plants at Talinga and Condabri. 
There are 7 private irrigators using CSW on the APLNG scheme known as the 
Fairymeadow Road Irrigation Project (FRIP).  The third supplier in the district is Arrow 
Energy.  It only supplies its own properties and power stations with treated irrigation water 
and one feedlot operator with a small amount of untreated water.  The rest of its water is 
used to supply the township of Dalby and some industrial users (Department of 
Environment, 2015). 
 
Therefore in the Chinchilla district, there have only been a few beneficial users to date; 
some 26 agricultural producers, two townships and 5 individual industries.  In terms of the 
number of users this is good for the townships but there are only a few irrigators currently 
benefiting from CSW provision. Based on the estimated return from irrigated cotton this 
would provide an average gross margin to each of these producers of over $840,000 per 
year ($21m divided by 25 irrigators).  This is significant for these producers but it would 
have been better if this benefit could have been spread more widely. 
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The cost of CSW production may become increasingly important because of a major 
assumption in relation to provision of CSW; that is, that as the supply of CSG decreases 
from 2045 onwards, water volumes will decrease significantly.  Treatment and distribution 
costs are substantial for CSG companies For example, (QGC Pty Ltd, 2013a) states that 
the Kenya water treatment plant, together with other water infrastructure near Chinchilla, 
cost over $1billion to establish. Further, the cost of running this plant by Veolia Water 
Australia Pty Ltd is estimated by QGC at $800 million over the next 20 years (Tanna C, 
2013).  At maximum capacity this plant will produce 32,400 ML of treated water per annum 
which, if maintained over this period, results in an overall cost of $1235 per ML, ignoring 
initial plant cost (Tanna C, 2013).  Added to these costs is the cost of delivering treated 
water to end users.  
 
4.6.2 Study Area Sustainable Agricultural Outcomes 
 
Sustainable agricultural outcomes in the study area were found to be dependent on 
successfully meeting social, economic and environmental objectives.  This section 
discusses each of these issues in turn. 
 
The study area interview results showed that many factors influenced landholder decision-
making about whether they would transition their enterprises to accommodate CSW use.  
Social and human factors were found to be important, with this material indicating age, 
family structure, economic outlook and other factors influencing risk taking surrounding 
CSW use. 
 
This process of decision-making was complicated by lack of information.  Some potential 
new irrigators may have been unwilling to undertake the risks attached to major new 
irrigation investments with a large number of unknowns.  CSW is only available for 25-35 
years and existing irrigators may have accepted lower volumes, than they might have 
otherwise, because of lack of information.    Many respondents reported that little 
information was available to help them make informed decisions.  In a broader context, 
there was little information and about how CSW could improve farm sustainability and 
provide employment and economic development in rural communities.  Clearer policies 
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and strategies were also needed to derive maximum benefit from an irrigation industry 
which is expected to have a 40-year time horizon. 
  
The interview material revealed that CSW provided major economic benefits for people 
who could access it. This was largely determined by their proximity to major treatment 
facilities. Had these benefits been spread more widely these beneficiaries would not have 
attracted direct antagonism and there would have been fewer complaints about inequitable 
distribution. 
 
In terms of social issues, the results show that many interviewees judged their use of 
water not just on economic returns, but also on their perceptions of the CSG industry and 
how they felt they were treated by CSG proponents.  This confirms that enterprise 
transition involves a range of factors and that human perceptions and values are important 
in enterprise and industry development (Everingham J-A et al., 2014).   Unlike Everingham 
(2015) discussed in Section 2.6.4, where it was found that social status accompanied 
economic power, the results produced here show that social status was probably 
diminished by those that used CSW.  They were seen as compromising their traditional 
rural values in favour of short-term economic gain.  Those that refused the opportunity 
generally gained in social status.  Whether these perceptions persist into the future or not 
remains to be seen.  In this context, these results are more consistent with McManus and 
Connor (2013), Cottle (2013), McCrea et al (2014) and Paragreen and Woodley (2013). 
 
For landholders with access to CSW, their decision-making and incorporation of irrigation 
into their production system was influenced by their individual outlook and circumstances.  
While irrigators made substantial returns from their use of CSW, the size of these returns 
depended on the size and cost of their enterprise and the reliability and price of water.  
Interestingly, this research found that these irrigator’s social status was inversely related to 
their economic benefit. 
 
Study area economic benefits are quantified in Table 22 in Section 4.3.1.  Here it was 
seen that cattle graziers on the Western Downs made modest incomes based on a gross 
margin of $47.70/AE (Department of Agriculture Fisheries and Forestry, 2015).  However, 
for those with producing gas wells this income was greatly improved.   $25,000 is 
reportedly paid per year per operating gas well (Hasham N, 2015), which was confirmed 
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by most respondents.  On this basis, many dryland cropping and grazing operations would 
make considerably more from CSG compensation than from their traditional grazing 
enterprise. Interestingly, the property owner with 324 ha and 6 operating wells would make 
nearly $50,000/yr more than the grazier with 5,544 ha who has no CSG wells.  In fact, this 
particular respondent claimed that they received considerably more compensation than the 
industry average because their property is defined as a “lifestyle property” which carries 
additional compensation for amenity impacts which are calculated on a per hectare basis 
(Fibbens M et al., 2014).  
 
Dryland cropping farmers (Table 24) made considerably more net income on smaller areas 
than the graziers (Table 23) although as was discovered from APSIM analysis this was 
much more variable from one year to the next depending on climate conditions.  Even 
though graziers made considerably less income, nearly every year was positive, which 
was not true of dryland cropping enterprises on the Western Downs.  
 
While dryland cotton is widely grown on the Eastern Downs this is less common on the 
Western Downs.  This is a reflection of the lower rainfall, less reliability of rainfall and the 
poorer soils with lower moisture retention capability (Harris P et al., 1999).  Two dryland 
farmers interviewed who grew cotton said they only did this on better soils and when 
moisture conditions were suitable.  From research conducted by the Cotton Research and 
Development Corporation (CRDC) on the Darling Downs it has been found that on 
average dryland cotton at about $1000/ha gross margin, outperforms sorghum on $900/ha 
gross margin (Cotton Research and Development Corporation, 2015).  In wet years cotton 
was easily the better choice where it returned up to $2,300/ha compared with sorghum on 
$1,300/ha.  However, in dry years sorghum outperformed cotton at about $600/ha 
compared with cotton on only $250/ha.  This means that dryland farmers need to be very 
mindful of moisture and climate considerations when making summer cropping decisions. 
 
APSIM analysis shows that the main reason why irrigators are more profitable than 
dryland farmers is that they are able to consistently derive a positive return even in dry 
years. This analysis shows that when sufficient irrigation water is available farmers will 
probably choose cotton as their preferred cropping choice even if they don’t need to use 
their full allocation.  If they don’t need to use this water it would still provide improved crop 
and income insurance. This was reflected in irrigators (Table 25) prioritising CSW use 
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because of its price, abundance and reliability in order  to make a shift to cotton as the 
preferred summer cropping choice.  CSW is not only cheaper, but because it is delivered 
in regular monthly volumes it can be managed more efficiently with crop planting times and 
through such measures as maintaining soil moisture levels to maximise crop growth. 
  
The problem for these users, however, is that rejected CSW carries a significant penalty.  
If they are unable to store it or shift it to a neighbour they must pay the $160/ML penalty.  
Another option for them is to over-water fallow ground (assuming it is available) to store 
the water in the soil although this carries risks of causing deep drainage saltation.  From 
interview material, it seems that the risk of penalty is one of the main reasons why these 
irrigators substituted CSW for other water as their first choice water.  Other water then 
becomes discretionary and may result in them not using their full allocation from this 
source.  This water then returns to the environment in the form of river flow which is an 
unintended benefit of CSW provision. 
  
The finding from interviewing irrigators (Table 25) therefore, is that they were able to 
substitute less reliable other water supplies for more reliable CSW and increase their 
profits substantially as a result.  They shifted from growing less profitable irrigated 
sorghum to irrigated cotton even though the water requirements were greater, increasing 
useage from 3.8ML/ha (sorghum) compared with 5.0ML/ha (cotton) (Department of 
Agriculture Fisheries and Forestry, 2015).  This resulted in a 186 percent increase in profit 
for each of these producers. The availability of CSW enables some irrigators to make very 
large profits, in fact, the largest gross margin per hectare of any irrigator interviewed at 
$7,071/ha. Unlike dryland farmers and graziers, the prospect of significant CSG well 
compensation for irrigators was found to be insufficient to exceed their farm income in all 
cases except one, namely the one who had 48 wells. 
 
While the greatest increase in profit per ha was achieved by irrigators (Table 25) this was 
exceeded at the enterprise level by those who expanded their existing enterprises (Table 
26).  In some cases the increase in profit from former operations is many thousands of 
percent.   
 
Within this group (Table 24) the gross margin for feedlots at $47.67/AE seems like a small 
figure but because of the large size of these operations, individual facilities generated 
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significant returns and employed a large number of employees.  However, these operators 
used CSW to grow crops to supply much of their own feedlot requirements which meant 
that they made more per AE.  This illustrated how integrating their feedlot operations 
dramatically improved value-added profits and efficiency of operations.  This is shown in 
Table 28. 
 
Table 28: Summary of case study farm gross margins, 2015. 
 
 
Case study farm type 
Before CSW 
Gross Margin 
$/ha 
After CSW irrigation 
Gross Margin 
$/ha 
Water efficiency 
 
$/ML 
Dryland grazing 10 47 95 
Dryland cropping 878 (sorghum) 2992 (cotton) 598 
Irrigation 1234 (sorghum) 2992 (cotton) 598 
New enterprise 
 lucerne 
 feedlot 
 
- 
- 
 
3705 
3951 
 
617 
658 
 
In terms of profitability from water use the Lucerne growers are making nearly twice the 
return per ha and 50% more per ML of water used compared with irrigated crop farmers.  
Profit per ha for cotton growers averaged $700/ha compared with $1380/ha for Lucerne. 
Profit per ML of water was $250/ML for cotton growers compared with $130/ML for 
Lucerne growers.  This means that cost of water is a major determinant of profit.  In the 
case of Lucerne growers 6 out of the 7 farmers use their entire production themselves in 
their own feedlots.  This enables them to increase their profits even more in terms of profit 
per ha and profit per ML of water used. This issue and others are to be studied in 
subsequent phases of this research thesis. 
 
The largest of the integrated feedlot operations made a model estimate, 20-year enterprise 
NPV of $8.2M.  This is probably an underestimate of the true return because the cost 
benefits from integration were not included in this estimate.  These cost savings arise 
because this enterprise sources its cattle from its own western Queensland properties, 
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utilises its own feedlot feed from CSW irrigated crops, transports the cattle in its own 
trucks to its own abattoir and exports the meat directly to Asian markets. 
 
A useful way of comparing the economic benefits from the different CSW water use 
options is by comparing enterprise $/ML used.  Comparing results for industry averages 
shows a lucerne growing to be the most profitable crop.  In terms of gross margins from 
water use, the lucerne growers are making considerably more per ha and per ML of water 
used compared with irrigated cotton farmers. The gross margin per ha for cotton growers 
is $2,992/ha compared with $3,705/ha for lucerne growers (Department of Agriculture 
Fisheries and Forestry, 2015). The gross margin per ML of water was $499/ML for cotton 
growers compared with $617/ML for lucerne growers.  This probably reflects the fact that 
gross margin use an industry average of $70/ML for water whereas is CSW available at a 
much lower price.  
 
However, this does not provide a complete understanding of the efficiency of the 
commercial lucerne grower and the most efficient feedlot operation shown in Table 28. 
Both are large corporate enterprises.  Between them, they consume nearly 80 percent of 
all CSW offered in the district.  They set up their enterprises deliberately to take advantage 
of this water and both are new to irrigation ventures in this district.    The commercial 
lucerne grower can access water directly from the treatment pipeline reducing pumping 
costs and reducing evaporative losses from storage.  The feedlot operator has extensive 
storage capacity enabling considerable irrigation capacity.  They pool their water 
resources, with the lucerne grower utilising most of the water in the summer months 
whereas the feedlot operator stores it and uses most during winter when evaporation is 
less.  This way they are able to swap water to maximise the advantage for both.   
 
The NPV for fish farming investment at about $0.6M/ha (fish pond) is high.  This is 
obviously a major return on a per hectare (fish pond) and $2,127/ML basis but the 
maximum size of this operation is thought to be 27ha (fish pond).  Therefore the size of 
this operation is limited and the return on capital is not as great as is the case with some 
other operations using CSW.  Therefore these metrics are not directly comparable with 
other operators described here. 
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The environmental impacts of CSW were seen to be the least of the three aspects 
(economic, social and environmental) impacting sustainable agriculture in the study area 
although this should not be regarded as necessarily true for the whole industry across 
Queensland. 
 
Regardless of the lack of clear evidence, the interviewed landholder material highlighted 
that there remained strong perceptions about potential negative impacts of CSW extraction 
on groundwater resources.  The quality of water, which was described in the literature 
review to be of concern to some environmental groups (see Section  2.5), was regarded as 
of little consequence to farmers in the study area although most landholders remained 
concerned about the disposal of residual salt from water treatment. Nearly all respondents, 
including CSW irrigators, thought that re-injection of CSW to suitable aquifers would yield 
improved social and environmental outcomes.  This is supported in the literature (Kellog 
Brown & Root Pty Ltd, 2012, Tree Crop Technologies P/L, 2013).  
 
There was little direct evidence cited in the field of environmental damage from the CSG 
industry and less as a result of CSW provision.  However, a number of interviewees 
expressed this to be of concern and this affected their decision to utilise CSW.   
 
One interviewee showed the interviewer how gas wells had adversely impacted living 
conditions with noise and gas emissions near their house.  Gas wells were shown to have 
affected bird life.   Another interviewee showed the interviewer how a neighbour’s excess 
water run-off from CSW irrigation had caused surface erosion.  Examples were provided of 
pipelines and gas wells impacting access and egress to properties.  Company trucks were 
shown to cause dust, noise and road kill.  There were many reports of fugitive gas 
emissions in the Condamine River and concerns were expressed about release of treated 
and untreated water to surface streams.  The conclusion about CSG activity and CSW 
provision causing direct environmental damage is that it is limited in terms of its 
magnitude, scope and impact.  
 
The major environmental impact from CSW provision is its impact on groundwater 
resources and how this might impact sustainable agriculture.  This issue is discussed in 
detail in the literature review (Section 2.8).  There was little evidence of groundwater 
impacts found in the study area.  Some interviewees reported a fall in their stock and 
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domestic bore levels although this could not be independently verified.  Some interviewees 
claimed they had been compensated for this impact although no supporting documentary 
evidence was provided.  However, the lack of this documentary evidence should not be 
taken as discrediting these claims.  A precautionary principle should be applied where 
these claims could allude to possible wider geographic environmental impacts which may 
not have greatly impacted the local area (Dietz S and Randall A, 2014, Randall A, 2008).  
Also the long term impacts may not yet be apparent.  Despite the shortcomings in verifying 
this information this remains the main environmental concern.  This concern is supported 
in the literature (Section 2.3.1).  This issue is revisited in the next chapter in terms of the 
industry-wide impacts.  
 
4.6.3 Water efficiency and profit 
 
An interesting aspect about CSW use in the study area was revealed from the economic 
evaluation of the major crops grown.  From the economic evaluation it was clear that 
irrigators using CSW were not restricted by the amount of water available for a crop on a 
fixed area of land and as a result they chose to grow cotton over sorghum because of the 
higher gross margin per hectare.  As seen from Table 29, this difference is significant 
(60% more returns for cotton).  However, if there is no water restriction or land restriction 
the full water used for maize grain growing (7 ML/ha) should be applied to all crops in 
order to get a fairer comparison between crop alternatives.  On this basis, it can be seen in 
Table 29, that the return from cotton growing nearly equals that of lucerne growing.  
However, the returns from cotton, maize silage and maize grain remain well behind. 
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Table 29: Comparison of irrigated crop gross margins with full water allocation (7 ML/ha). 
 
 
Irrigated crop 
 
Water use 
ML/ha 
 
Gross Margin 
 
$/ha 
 
Percent 
increase 
possible 
% 
 
Increase in 
gross margin 
 
$/ha 
 
Total gross 
margin 
 
$/ha 
sorghum 3.8 1234 45.7 564 1798 
cotton 5.0 2992 28.6 856 3848 
lucerne hay 6.0 3705 14.3 530 4235 
maize silage 6.2 1246 11.4 142 1388 
maize grain 7.0 661 - - 661 
 
This left a curious result from the interview material regarding why feedlot operators chose 
to use most of their CSW allocation for growing lucerne or silage.  Respondents said that 
this was primarily because this gave them the greatest volume of dry matter for use in their 
feedlot operations but this would not be a sufficient explanation if other crops yielded a 
higher return.   Part of the explanation appears to be more related to the value adding 
potential from these crops when this is converted to meat protein. 
 
Table 30, shows that Lucerne hay clearly provides the greatest return per hectare.  This is 
well in front of other crops, with maize silage and maize grain being second and third.  
When the protein potential of these crops is considered it is clear that maize silage 
provides by far the greatest volume, followed by lucerne then sorghum.  However, when 
the protein produced per ML of water is considered, silage is still well in front with cotton 
seed second and sorghum third. 
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Table 30: Protein volume and value by crop, area and water use. 
 
 
Irrigated 
crop 
 
Protein by 
crop 
MJ/tonne 
 
 
Volume 
produced 
 
tonne/ha 
 
Total 
Protein 
 
tonne/ha 
 
‘000 
 
Crop 
farm gate 
price 
 
 
$/tonne 
 
 
Value of 
crop 
 
 
 
$/ha 
 
Protein/water  
ratio 
 
tonne/ML 
 
‘000 
 
sorghum 13 8 104 265 2120 27 
cotton 
seed 
10.5 3.6 38 190 684 38 
lucerne 
hay 
8.5 17.6 150 309 5438 25 
maize 
silage 
8.5 48 408 60 2880 66 
maize 
grain 
8.5 7.5 101 300 2250 14 
 
This partly explains why maize silage is commonly produced by feedlot operators but 
production of sorghum would logically provide more water use efficiency than lucerne 
when converted to meat protein.  The reason for this somewhat puzzling crop growing 
practice warrants further investigation.  
 
4.7 Conclusion 
 
Combining all three elements (economic, social and environmental) to determine the 
impact on sustainable agriculture for the study area the conclusion is that the economic 
benefits are significant for local irrigators and even without a thorough benefit-cost 
evaluation of the social and environmental costs the improvement for study are 
sustainable agriculture are apparent.  This is despite the finding that for many the social 
and environmental costs were substantial.  This improvement is measured in terms of 
individual farm financial resilience, improved productivity and efficiency with capital 
improvements benefiting long term production potential well beyond the cessation of the 
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CSG industry.  These benefits would also be realised by the local community especially in 
the main local towns of Chinchilla and Miles. 
 
The economic benefit to the local area in terms of increased agricultural output from 
irrigation is roughly calculated at about $1M (with a range from $10,000 to $1M) each for 
36 irrigators. These benefits are thought to greatly exceed the social and environmental 
costs at the local level. 
 
While these benefits are clear for the study area this may not be translated to the wider 
area affected by the CSG industry.  In fact, these local benefits could be as a result of dis-
benefits to the wider geographic area, especially when a cumulative evaluation of the 
environmental implications is considered.   This interesting speculation is discussed in the 
next chapter.  
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Chapter 5 Discussion 
 
The previous chapter provided results addressing research questions mainly derived from 
direct empirical evidence obtained in the study area.  This chapter discusses these results 
together with the literature to determine the implications of CSW provision and its impact 
on agriculture more widely.  To assist in understanding the complexity and inter-related 
nature of these implications and the impact of CSW for sustainable agriculture it is 
subdivided into general discussion, social impact, economic analysis, and environmental 
impact.  This separation is somewhat artificial because these issues are strongly related 
and inter-dependent but it is believed this will help reader understanding and appreciation.  
This separation also provides a basis for how policy choices and industry development 
could be better managed in future.   The overall intention is aimed at describing how CSW 
could improve sustainable agricultural outcomes. 
 
5.1 General Discussion 
 
The last chapter described how much water was available in the study area.  This gave 
considerable confidence regarding estimates of the amount of water available for 
agriculture across south-east Queensland.    The results provided evidence that there is a 
significant amount of CSW available in an area of Queensland where water supplies are 
scarce.  On the basis of this empirical evidence it is concluded that the modelling data 
reported in the literature is fairly accurate and that there is an estimated average of 
100GL/yr of CSW available for beneficial use in Queensland  although current production 
probably exceeds this (Keir et al., 2013).  Most of this water is potentially available for 
agricultural use although  its potential use for irrigation is limited by proximity to treatment 
plants and the willingness and capacity of farmers to transition their enterprises 
successufully. 
 
While there have been many estimates of the water available from CSG operations this 
work is based on modelling from average water production per well  (Keir et al., 2013).   
Estimated actual delivered volume data has not previously been published. From this and 
the end-use data, judgements are made about comparative or relative benefits from this 
water compared with other water sources.  It is noted that most of the water (61%) is used 
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for irrigated crops although there are significant deliveries to industrial users (21%).  
Human consumption is also important at 5%, especially since the two towns in question 
(Chinchilla and Dalby) formerly suffered frequent water shortages (interview material). 
 
From this it is concluded that human consumption is probably the highest value use for this 
water especially as potable water supplies in regional Queensland towns is becoming 
increasingly scarce and valuable.  Therefore, this would be a priority use for this water 
although the volumes required are much less than the available supply.  On this basis, 
government should require industry to supply regional towns before the water is made 
available to alternative users.  The cost of this should be met by the users in order to 
ensure efficient and effective use. 
 
As a result, one of the conclusions drawn from this thesis is that lack of an efficient water 
pricing mechanism for the provision of CSW is limiting its efficient and effective us 
especially to ensure provision to its highest value use.  If CSW was supplied on the basis 
of its value in an open market the current pattern of use and annual volumes consumed 
could be very different from those currently prevailing.  Had these principles been applied 
at the outset the level of criticism and concern would have been greatly reduced. 
  
With respect to irrigators, even at very low water prices a profitable return is not 
guaranteed because of the other costs associated with delivering water to a crop and 
market, climate and production risks (Savva A and Frenken K, 2002).   The low price of 
CSW reduces these risks but for marginal agricultural producers cheap water is not 
necessarily going to result in the best use of this scarce resource. 
 
Given that farmers on the Darling Downs have some of the best agricultural land in the 
country, the availability of reliable irrigation water results in a significant improvement in 
income compared with dryland farming.  For irrigators able to access CSW this resulted in 
gross margin increases of nearly $1M/yr each.  However, this was highly variable 
depending on a range of factors with farm size and nature being major determinants. 
Large corporate farms generally made more per ha and per ML of water used.  The reason 
for this is probably because of the size of their operations, ability to invest and their greater 
ability to value-add crop production with other company activities (eg feedlots). 
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The price of water was another major determinant although the reliability of supply of CSW 
was reported to be equally if not more important (see Section 5.3.1). Reliable water 
supplies are normally reflected in its price which is demonstrated by the high prices paid 
for tradeable water licences of up to $2,500 per ML (Department of Environment, 2014, 
Fetsch R, 1999).  However, it should be noted that for some, water supplies which are 
unpriced and unmetered potentially results in over-utilisation and a distortion of the water 
market and thus the efficiency and optimum return from this water is reduced (National 
Water Commission, 2014). 
 
In terms of enterprise transition to irrigation, the two key factors of reliability and price of 
water have previously been found in the literature to be important.  Lisson (2003), found 
that in relation to recycled water in neighbouring areas on the Darling Downs, the reliability 
of this water compared with other supplies enabled increased profits even when significant 
additional infrastructure was required (Lisson S, 2003).  This remained true even if this 
water was priced higher than alternative but insecure supplies.    Price usually increases 
with reliability and on this basis it would be thought that CSW should carry a higher price 
than alternative supplies.  This is not the case.  If it were, this would improve allocative 
efficiency, a higher return from more conservative water use and improve sustainability 
outcomes, as espoused by the National Water Commission (National Water Commission, 
2014). 
  
The development of irrigation schemes associated with the availability of treated CSW 
treated is partly driven by the need to dispose of the water. It has been a key option in the 
Chinchilla district because the district has suitable soils and existing irrigation. However, if 
broader social and environmental outcomes are considered, such as enhancing the 
condition of stressed aquifers and supporting sustainable agriculture more broadly in the 
region, then the reinjection of treated CSW into suitable aquifers may be a viable 
alternative beneficial use (Tree Crop Technologies P/L, 2013). 
 
Interview results showed that the extent of economic return to landholders from CSW 
depended on the size and nature of their operation, the amount of water available, types of 
crops grown, soil characteristics and other factors.  Case study landholder analysis 
showed that the most profitable crop was lucerne-growing (see Section 4.6.3).  This was 
increased further if this was supplied to their own beef cattle feedlots.  This was a case of 
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value adding to improve enterprise investment returns.  Landholders who are able to 
access more water (eg CSW) generally apply this to improve yield on existing crops or 
apply to additional crops. This enables greater economic benefits from the opportunity to 
increase production. 
 
Therefore, the provision of CSW undoubtedly provides an economic opportunity but this 
opportunity could have been increased if this water could have been used optimally.  This 
would have been achieved if it had been sold to users on an as needs basis.  This would 
have enabled more production more efficiently. 
 
Given this was not the situation for the provision of CSW, irrigators had to calculate the 
potential economic returns and decision-making compared with competing water supplies. 
This meant that the cheaper price needed to be weighed against the requirement to take 
minimum monthly volumes of CSW.  For those who contracted to replace other water for 
CSW this resulted in inefficient water use.  This is because other water would formerly only 
be used when it was needed.  If this water had been priced on an open market it 
distribution to a wider range of users over a wider area may have been possible which 
would have improved allocative efficiency and distribution. 
 
5.2 Social Impact 
 
Making the best use of this water is a challenge for producers and consumers alike. This 
challenge includes the fact that this water is widely distributed across mostly dryland 
grazing regions.  
 
The nature of these enterprises clearly influenced decisions about the willingness to utilise 
CSW with traditional irrigators being far more willing than those with other types of 
operations, in particular graziers. Landholder interviews provided data about decision-
making processes, including whether or not they would opt for irrigation development 
using CSW. For irrigators to use this water there were a number of key considerations. 
Two of the most important ones were reliability and price with the former of these proving 
to be crucial. 
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Farmer interviews revealed that CSW delivered significant economic benefits for them and 
there were experiences and perceptions of multiplier benefits to the wider community.  
This was in the form of increased employment opportunities, increased agricultural service 
businesses and other industries. This concurs with economic benefits expected from the 
provision of CSW as reported (Khan S and Kordek G, 2014). While CSG involves very 
different resource extraction processes, the results of economic benefits from this activity 
concur with well-established multiplier effects from the mining industry (McLennan W, 
1990).  Despite this, it is not clear if this results in the best or optimal use, or if greater 
benefits to a wider group of beneficiaries could be delivered by alternative delivery 
mechanisms for this water.  
 
The interview results showed that many factors influenced landholder decision-making 
about their use of CSW.  Social and human factors were important, such as willingness to 
transition to new techniques and undertaking enterprise risks which could be influenced by 
such things as age and family structure (Fetsch R, 1999).  Personal preferences, outlook 
and the circumstances of individual landholders were major factors in their decision-
making.  This concurs with much of the literature on landholder decision-making and 
agricultural extension (Long and Cooper, 2011; Leeuwis et al, 2008). 
 
The results showed that many interviewees judged their use of water on not just economic 
returns, but also on their perceptions of the CSG industry and how they felt they were 
treated by CSG proponents.  This confirms that enterprise transition involves a range of 
factors and that human perceptions and values are important in enterprise and industry 
development (Everingham J-A et al., 2014).  
 
The study area results (Section 4.6.2) showed an inverse relationship between economic 
and social benefits.  Despite this and potential environmental impacts the economic 
benefits outweighed the social and environmental costs.  These social dis-benefits would 
be multiplied if taken over a wider area because farmers interviewed outside the study 
area also took a negative view of irrigators in the study area.  As a result the study area 
economic benefits should be further discounted. 
 
This thesis provides new information about how new sources of water have been 
accessed and delivered for beneficial use.  These benefits have been viewed positively 
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and negatively depending on the perspectives of stakeholders and commentators.  This 
thesis suggests that improved delivery mechanisms could have resulted in better social 
and environmental outcomes.   It may also help to develop strategies to optimise CSW use 
and provide guidance on agricultural industry transition arrangements generally.  
 
5.3 Economic Impact 
 
It has been shown in the previous chapter that a major determinant of profitability of 
irrigators is determined by the reliability of water supply.  CSW is more reliable than other 
water supplies as it is provided on a regular (although not guaranteed minimum) monthly 
basis. The literature finds that the two key factors of reliability and price of water are most 
important in terms of irrigation enterprise profitability.  Lisson (2003), found that in relation 
to recycled water, the reliability of this water compared with other supplies enabled 
increased profits even when significant additional infrastructure was required (Lisson S, 
2003).  This remained true even if this water was priced higher than alternative but 
insecure supplies.  Usually, the more reliable the water supply the higher is its price.  On 
this basis it would be thought that CSW should carry a higher price than alternative 
supplies.  If this were the case, this would improve allocative efficiency, a higher return 
from more conservative use and improve sustainability outcomes as espoused by the 
National Water Commission (National Water Commission, 2014). 
  
Farmer interviews revealed that CSW delivered significant economic benefits for them and 
that there were experiences and perceptions of multiplier benefits to the wider community.  
This was in the form of increased employment opportunities, increased agricultural service 
businesses and other industries. This concurs with economic benefits expected from the 
provision of CSW as reported by the NSW Chief Scientist (Khan S and Kordek G, 2014). 
While CSG involves very different resource extraction processes, the results of economic 
benefits from this activity concur with well-established multiplier effects from the mining 
industry (McLennan W, 1990).  Despite this, it is not clear if this results in the best or 
optimal use, or if greater benefits to a wider group of beneficiaries could be delivered by 
alternative delivery mechanisms for this water.  
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Interview results showed that the extent of economic return to landholders from CSW 
depended on the size and nature of their operation, the amount of water available, types of 
crops grown, soil characteristics and other factors.  The largest enterprise NPVs were 
achieved by lucerne-growing especially when with associated with feedlot operations.  
These enterprises utilised most of the CSW on offer.  As a general rule, however, irrigators 
were able to make greater returns using CSW as opposed to using more expensive and 
less reliable alternative water.  The provision of CSW also appeared to offer unreported 
environmental benefits such as additional stream flow.    Clearly landholders who were 
able to access more water could then apply more of it to more crops. This enabled greater 
economic benefits simply from the opportunity to increase production from the same land 
area with more irrigation. 
 
While this thesis has shown that individual irrigators have made significant economic gains 
from the provision of CSW it is not clear how this could be delivered elsewhere.  At an 
application rate of 5 ML/ha/yr (based on the average application of irrigation water for 
cotton on the Western Downs) and assuming 100 GL/yr of CSW is produced annually, 
there is sufficient CSW to irrigate up to 20,000 hectares of land in Queensland. Based on 
current treatment volumes being made available for irrigation (37.7 GL/yr – see Table 27), 
7,540 hectares or 38% of this land is irrigated in the Chinchilla district.  If all of this was 
dedicated to one crop of irrigated cotton (gross margin $2,992ha) this would result in an 
annual gross margin of $22.6M/yr (Department of Agriculture Fisheries and Forestry, 
2015).  This would provide an average gross margin for each of these producers of 
$902,400 per year. 
 
In 2009-10 there was a total of 500,000 hectares irrigated land in Queensland of which 
55,000 was located along the Condamine River (Australian Bureau of Statistics, 2014a).  
Therefore, while CSW would potentially only add 4.4% to the irrigated area in Queensland, 
it could potentially add 40% to irrigation along the Condamine River which would have a 
major local impact. 
 
The figures provided in this section give an indication of the potential economic benefit 
from CSW and how this could be realised on a wider scale.  However, to draw conclusions 
regarding the regional and industry implications would require a wide-scale benefit-cost 
analysis which would take account of externalities.  This has not been attempted here.   
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The economic modelling revealed that CSW provided major economic benefits for people 
who could access CSW. This was largely determined by their proximity to major treatment 
facilities. 
 
While it may be thought reasonable in a scenario of an expanding CSG industry to 
potentially translate the economic benefits from the study area to the wider area affected 
by the CSG industry, it is believed this is not valid.  The main reason for this is that there 
are not many other areas similar to the study area where there is existing irrigation 
infrastructure, proximity to treatment plants producing treated water, suitable soils and 
experienced and willing farmers to take up the offer of this water.  On this basis, the 
economic benefits from CSW provision for irrigation, based on existing technology, is 
probably nearing its maximum potential. 
 
5.3.1 Efficient Pricing of Water and Water Reform 
 
There is widespread acceptance of the economic principle that the best way to ration a 
scarce resource is to ensure that it is available on the open market and can be traded such 
that it can be put to maximum productive use (Frank R and Bernanke B, 2013).  With 
regard to water, the best way to achieve this is through an open market which determines 
the price and enables the highest bidder to make most productive use of it.   It is 
concluded by Adamson and Loch (2013) that the water market in Australia has traditionally 
been insufficiently regulated in terms of the number of licences issued, and in many cases 
licences have not incorporated a volumetric charge (Adamson D and Loch A, 2013).  
Licences have not been priced according to their highest productive use and have 
generally been attached to land titles such that they cannot be traded.   This is the case in 
the Condamine-Balonne catchment where over-allocation has resulted in unsustainable 
water extraction (National Water Commission, 2014).  This is shown in Table 15, which 
shows that surface and groundwater has been over-allocated and is subject to licence 
recoveries.  
As part of this reform process, the Queensland Government has recognised the 
importance of water trading (Australian Department of Agriculture Fisheries and Forestry, 
2006).  In the Condamine-Balonne catchment, the access and diversion of all surface and 
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groundwater is provided for under the Water Resource (Condamine and Balonne) Plan 
2004 (Department of Natural Resources and Mines, 2014d).  Water trading is managed 
under the Condamine and Balonne Resource Operations Plan 2008 (Department of 
Natural Resources and Mines, 2014c).   Water can be traded on a temporary, permanent 
or lease arrangement.  Where a catchment has a Resource Operations Plan in existence 
there is no requirement for departmental approval, only the submission of a transfer form 
is necessary to transfer allocation.  In the case of permanent trades or leases, the climate 
risk moves with the licence. In other words, potential purchasers need to consider climate 
variation along with other factors when shifting a water licence from one location to 
another.   
Recent trades of surface water in the Condamine-Balonne catchment comprise a total of 
917 ML (3 licences) sold for an average price of $2426/ML for supplemented (regulated) 
water in the December quarter 2014. This compares with 1,500 ML (2 licences) of un-
supplemented (un-regulated) water sold for $1,500/ML (PSI Delta Pty Ltd, 2015).  The 
conclusion from this is that surface water rights are highly valued, particularly for the more 
reliable supplemented water and the volume of trade is fairly small. 
In relation to non-GAB groundwater purchases for the Central Condamine Alluvium, there 
have only been a limited number of trades since 2013 when they first became available.  
According to Department of Natural Resources and Mines records there were 3 trades in 
2013 and 11 in 2014.  In 2014, the total volume was 2536 ML with an average price of 
approximately $2,000/ML.  
With respect to the GAB groundwater licences sold in 2014, there were 11 licences sold 
for an average price of $1570/ML but for only a total 785 ML/yr (Department of Natural 
Resources and Mines, 2014e).  This is an indication of the high value placed on secure 
groundwater supplies but to date, this is not contributing greatly to the water supply 
shortage in the basin.  However, as shown in Table 14 there are significant resources of 
unassigned groundwater in the GAB which could be utilised in the study area. 
There were two buy-back tenders for groundwater licences issued in 2014 with the Federal 
Department of the Environment stating; “The Queensland Central Condamine Alluvium 
Groundwater Purchase Tenders that closed on 7 March 2014 and 11 April 2014 attracted 
a high level of interest from licence holders. However, none of the offers received met the 
value for money requirements of the Department. As such no offers are being pursued 
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from these rounds of purchasing.” (Department of the Environment, 2015a).  The 
Department claimed that it had $5m allocated for purchase of these licences although at 
around $2,000/ML as the market price, the licences would have only purchased 2500 ML.  
This means if the Department was successful, and the funding was continued at this level 
every year, it would take 16 years to achieve their goal. 
Based on these figures, tradeable water licence prices may seem to be high when 
compared with volumetric water provision charges leveed by the government owned water 
supplier, SunWater.  The price for supplemented water at Chinchilla Weir from SunWater 
is approximately $30 per ML which is termed “allocation water” (SunWater, 2014b).  
Access licences for this are few, which is reflected in high prices for land which have these 
licences attached.  New licences for allocation water have not been available for at least 
30 years. This is generally considered to be the most prized water for irrigation because it 
is relatively secure, is of high quality and can be used directly from stream or weir.  
However, it is not available in dry years which can be a major problem for irrigators. 
Water harvesting requires considerable investment in water storage and is mostly suited to 
land which can be laser levelled. Like river water, new water harvesting licences are very 
difficult to obtain.  Against these relatively reliable supplies, un-supplemented water is not 
highly valued because it is only available when the river is in flood which happens rarely.  
New licences are generally not available for this, and they may carry additional conditions 
for transfer between properties, such as the stipulation that they must be within the same 
zone on the river.  
On this basis, it seems the allocation water price charged by SunWater for supplemented 
CSW from the Condamine River may be fairly attractive for irrigators (Queensland 
Competition Authority, 2012).  This is possibly true even when compared with only 
$3.65/ML for the less reliable un-supplemented water.  However, even at these prices a 
profitable return is not guaranteed because of the other costs associated with delivering 
the water to a crop and the costs associated with managing and producing a successful 
crop such as agronomy and pest management. 
The availability, security and price of the various water supply options results in complex 
and difficult decision making for potential users. Where one irrigator may make a profit by 
paying a volumetric usage fee of $100/ML for water another may not.  This is because the 
cost of the water received is only one, although perhaps one of the largest (especially if 
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delivery to crop is included), component of the cost considerations to consider. The price 
that is charged for water closely reflects its reliability and the risks associated with the 
volumes available at any particular time.  
From an irrigator’s perspective, there are two aspects which are vitally important relating to 
use of water and how much they may be willing to invest in water infrastructure.  These 
are reliability and price.  Usually, the more reliable the water supply the higher is its price.  
Given that farmers on the Darling Downs have very high quality agricultural land, the 
availability of reliable irrigation water could result in a significant improvement in income 
compared with dryland farming. This is reflected in the substantial prices paid for tradeable 
water licences in the catchment.   However, much of the water supply is unpriced and 
unmetered which potentially results in a serious distortion of the water market and the 
optimum return from this water.  With water priced at not necessarily its true value, any 
proposals for improving the allocative efficiency of CSW would be difficult to achieve. 
The fact that CSW is provided at minimal cost is contrary to the principles of efficient water 
pricing espoused in water reform (National Water Commission, 2014). There is no 
published data regarding CSW pricing but there are some widely known facts pertaining to 
it.   For instance, users fortunate enough to have access to it pay little or nothing for 
access, depending on negotiated contract conditions.  In the case of water supplied by 
SunWater to customers, CSW is valued similarly to un-supplemented water currently 
priced at $4.20/ML (Queensland Government, 2015). This is somewhat curious because 
the water is available on a regular, although variable and not guaranteed basis for the 
period of the supply contract, which are usually around 20 years. Customers are required 
to take contracted monthly volumes or pay a penalty of $160/ML for refusal which could be 
problematic in a wet year. However, a major advantage of CSW is that it can be 
transferred between users within a particular month of allocation without penalty 
(Australian Broadcasting Corporation, 2011). There are other conditions pertaining to 
CSW, such as release to stream without a permit which carries strict penalties 
(Department of Environment and Heritage Protection, 2015).  However, CSW is priced 
cheaply compared with other supplies and its reliability makes it especially valuable.  On 
this basis, most irrigators would use CSW as their first option. They may continue to use 
their full allocation of other water although this would now become discretionary as it does 
not carry a penalty for refusal.  In this way, CSW provision improves the reliability of supply 
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and the economic return but could cause over use of water thus reducing the sustainability 
of water supplies in the long term.  This would reduce long term agricultural sustainability. 
 
The water reform process is delivering outcomes in terms of improving the sustainable use 
of water for agriculture but the Water Commission (2014) has concluded that much still 
needs to be done in some catchments. Clearly the price offered for licences is not 
sufficient to attract enough sellers in the Condamine-Balonne catchment.  At around 
$2,000/ML, the 40 GL required from the CA buyback would cost government $80m.  It is 
curious that owners of these licences are unwilling to sell when it is clear that water 
restrictions are limiting their ability to fully utilise them.   However, as an added incentive 
the government could provide CSW as an interim measure if the appropriate mechanisms 
were in place.  The unutilised buyback funds could be used to help fund these 
mechanisms.    It is now important to review how the provision and of CSW could fit with 
this objective and improve environmental outcomes. 
 
If CSW was used to substitute for the $80M groundwater buy-back this would result in 
widespread and long lasting agricultural production benefits.  However, compared with the 
annual economic benefits of $35M to $50M delivered to agriculture from CSW provision in 
the study area this costs appears worthwhile.  However, this is only an initial capital cost.  
To this should be added the lost agricultural production of a similar $35M to $50M because 
this water is no longer available for irrigation.  Also it should be remembered that the 
aquifer impacts could take up to 80 years to replenish (Section 2.8.1).  If all the CSW was 
used to replenish the Condamine Alluvium (sufficient to restore it to 1960 levels) this would 
provide for an additional 40 years of irrigation on prime agricultural land.   This is estimated 
at a minimum opportunity cost of an additional $250M in lost agricultural production.  
Clearly this is a major lost opportunity for improving sustainable agriculture which is 
masked by the immediate economic benefits enjoyed within the study area. 
5.4 Environmental Impact 
 
Environmental concerns about the risks associated with disposal of untreated and treated 
CSW appear to be reducing over time.  This is shown in the interview material where most 
respondents expressed decreasing concern (see Section 4.4.1.).  Release of treated CSW 
to streams has been of concern to some environmental groups because of its potential 
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impact on aquatic flora and fauna (Department of Environment and Heritage Protection, 
2014d). The lack of any reported effects of damage in this area appears to be allaying 
these concerns.  The overall conclusion from the literature is generally positive in terms of 
their being minimal risk (Office of the Chief Economist, 2015). 
 
Despite environmental benefits, there may be technical and economic difficulties in 
successfully delivering extensive aquifer reinjection (Tree Crop Technologies P/L, 2013).  
However, managed aquifer recharge (MAR), where it is viable, offers good allocative 
efficiency (SKM and CSIRO, 2012, Dillon P et al., 2009). This method of water storage and 
supply is seen to deliver superior outcomes in terms of sustainable agriculture because the 
water is less subject to wastage (especially through reduced evaporation) and over-
utilisation and if associated with appropriate pricing can be made available to support the 
highest value output.  
 
Reinjection may be more or less expensive than surface supply depending on the amount 
of infrastructure required. The cost of recharge is variously calculated at between $400 
and $780/ML (Kellog Brown & Root Pty Ltd, 2012).   These costs were, however, based on 
reinjecting to deep aquifers.  Reinjection to the Condamine Alluvium would be much less 
as it is only 30 to 40 metres below the surface and is highly porous and permeable. 
 
Regardless of the aquifer used, reinjection would provide greater benefits for the 
environment by recharging aquifers and providing for more sustainable groundwater 
conditions.  Several commentators have suggested the best use of CSW would be to 
replenish the most stressed and valuable groundwater aquifer in the area namely the CA 
(Kellog Brown & Root Pty Ltd, 2012, Arup Pty Ltd, 2013, Australian Water Association, 
2015).  This option was found to be superior to other options on environmental and 
improved farm productivity grounds.  
 
While the costs of reinjection are considerable, they were estimated without allowing for 
infrastructure delivery costs now in place and for such things as reduced compensation 
payments resulting from affected water bores no longer being affected (Office of 
Groundwater Impact Assessment, 2012).  Other savings could be achieved by government 
funding from water reform to subsidise reinjection as this water could substitute for other 
groundwater extraction and delay the groundwater buyback program.   The other 
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economic benefit from MAR is through improved allocative efficiency.  The improved 
equity of access to groundwater supplies would mean this could be supplied to higher 
value end-use.  Despite the costs, the long term benefits for sustainable agriculture from 
reinjection are worth investigating.  
 
Alternative methods of delivering CSW could be considered such as this water being 
directly supplied to CA irrigators as substitution for their groundwater extraction.  This 
method is thought to be sub-optimal because it would probably entail undesirable 
evaporative losses if placed in farm storage dams.   
 
The case for beneficial use of CSW would clearly be preferred if it was the lowest cost 
option for gas producers which would serendipitously provide for a new means of 
additional agricultural production which would not have otherwise occurred (Mickley M, 
2009).  If this occurred this would result in increased economic benefits but it may not be 
the optimum or most efficient use of water. The environmental benefits from reinjection 
would be greatly improved if the user pays principle and efficient water aspects (Section 
5.3) are combined. 
 
If all issues were addressed simultaneously, possibly greater economic benefits could be 
delivered overall in the form of improvements to sustainable agriculture.  Therefore, the 
reinjection method of delivery appears to offer improved social, economic and 
environmental outcomes although further research would need to be undertaken to devise 
the best method of achieving this. 
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Chapter 6 Conclusion 
 
This thesis provides new information about how a new source of water has been accessed 
and delivered for economic benefit.  It provides evidence of farming systems and practices 
which have benefited from CSW use and it provides information about transition 
arrangements for  agriculture  generally.  It provides quantitative measures of the cost to 
sustainable agriculture from not properly designing water access and delivery mechanisms 
in an open market. While the results are in the context of a study area that has its own 
particular characteristics, the results inform the further development of the CSG industry 
and the use of  CSW in agricultural areas in Australia and internationally. 
 
Thesis results relate to the study area with particular climate and soils. To determine wider 
impacts many other factors would need to be taken into account including the impacts on 
the environment and whether improved outcomes could be achieved with better water 
allocative efficiency.  However, the results provide insight into the potential benefits and 
issues involved in the use of CSW that can inform its use in irrigation in Australia and 
overseas.   
 
The key conclusions of the study relate to each of the three research questions; water 
volume and economic benefits; landholder decision-making; and environmental and equity 
issues.   
 
Water volume and economic benefits 
 
This thesis examines the benefits provided and the transition processes involved in 
incorporating this water into a largely dryland agricultural region.  Almost no information 
could be found regarding these issues from the literature.   The only published information 
available was derived from individual gas well production and modelling data. This thesis 
presents the first verified information on water use, supply and distribution from empirical 
data.  Estimates of the amount of CSW available for irrigation were developed from 
landholder interviews and on-farm assessments. 
 
A significant volume of treated water was available to certain landholders in certain 
locations and this provided them with significant economic benefits.  From the interview 
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material, most dryland grazing operations on the Western Downs received a modest 
annual income although there was considerable variation across interviewees.  Dryland 
farmers were generally more profitable but economic and biophysical modelling 
undertaken for this thesis suggested this was subject to climatic conditions.    As a result, 
some 20-year investment periods over the last 100 years for dryland farmers would have 
yielded negative NPV returns.  
  
Irrigators enjoyed a considerable increase in quantity and assurance of income whether 
they substituted existing water for CSW or represented new enterprises. The profit 
potential and the enterprise establishment opportunities for these irrigators who took up 
the option to use CSW is evaluated and published here for the first time.  All irrigators 
enjoyed positive 20-year NPV returns across the full 100 years evaluated although some 
years were minimal due to excess water provision in wet years. 
    
Based on gross margins per hectare some CSW users were more profitable than others 
with the most profitable achieving up to $6,000/ha.  However, this return was achieved 
with a very inefficient water usage average of about $200/ML.  Against this, the most 
efficient users were able to achieve water efficiencies of up to $2,000/ML.  On this basis, a 
theoretical improvement of 10 times the total calculated return to the Chinchilla district of 
$1.4 billion ($35M x 40years – see Chapter 5) would be achieved. 
 
Greater economic benefits and improvements to sustainable agriculture could have been 
achieved with market pricing mechanisms for CSW.  In absence of this, the opportunities 
from this water were restricted to a few CSW users in the study area and they would have 
benefited more had these principles been applied to them.   
 
Water reform in Australia incorporates the principles of opening up the market for water 
and buying back over-allocated licences.  In this context, the results provided in this thesis 
suggest that the production of CSW in large volumes as a result of the development of the 
CSG industry is not consistent with reductions in groundwater allocations under water 
reform policies.  
 
These lessons could be applied to new areas of CSG development although it is believed 
the circumstances prevailing in the study area are only repeated in a few small locations 
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elsewhere in Queensland.  In other words, the benefits for agriculture experienced in the 
Chinchilla district cannot be scaled up for other areas experiencing CSG development. 
 
This thesis clearly shows that CSW has enabled a significant improvement in income for 
irrigators whether they were former dryland graziers or farmers and whether they were 
irrigators or new enterprises.  This would provide considerable confidence for future 
irrigators utilising this water.  
 
Landholder decision-making 
 
The second  conclusion is that despite the obvious potential benefits, many factors 
influenced landholders’ use of CSW.  This related to their personal and farm transition 
considerations.  Interview material provided information about landholder decision-making 
processes, including whether or not they would opt for irrigation development using CSW.   
For irrigators to use this water there were a number of key considerations. Two of the most 
important ones were reliability and price with the former of these proving to be crucial.  
From the economic modelling work, it was found that substitution of CSW for more 
expensive and less reliable alternative water results provides for the highest returns on a 
per hectare and per ML of water used.  This reflects the fact that these users were able to 
use existing irrigation facilities thus avoiding the need for investment in irrigation 
infrastructure.  New enterprises which utilised CSW needed to factor in substantial initial 
capital expenditure.  These enterprises were mostly large corporate operations which were 
able to generate significant 20-year enterprise NPVs. 
  
For landholders with access to CSW, their decision making and incorporation of irrigation 
into their production system was influenced by their individual outlook and circumstances.  
While irrigators made substantial returns from their use of CSW, this depended on the size 
and cost of their enterprise, the crop chosen to irrigate and the reliability and price of 
water.  The availability of CSW enabled many irrigators to grow more profitable but higher 
water using crops such as cotton and lucerne.  The two largest operations in the study 
area accessed 80% of the CSW on offer. This meant that while gross margins per hectare 
may have been greater with the use of CSW this was at the expense of less water 
efficiency measured in terms of ML per hectare. 
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For those unfavourably disposed to use CSW, their decision was based primarily on the 
level of investment required, a perception of potential negative impacts on groundwater 
resources or concerns about the equity of CSW distribution.   The communication and 
management of the CSG companies was also described by some as an influencing factor. 
It was also found that social status within the local community may have been inversely 
correlated with the level of economic benefit derived from CSW irrigation. 
 
During the interview of landholders, there were concerns expressed about possible 
unintended consequences of depressurising the Walloon Coal Measures and other 
groundwater aquifers.  However, the literature is not clear on this subject and the impact is 
therefore unknown.  This is the subject of ongoing detailed research to help resolve this 
contentious issue.   Further research will also address questions of the nature and extent 
of externalities associated with the use of CSW.  Despite this uncertainty, this issue 
influenced some producers against the use this water and it affected them in their attitudes 
toward those who had access to it. 
 
Environmental and equity issues 
 
The third conclusion is that a number of environmental and equity of distribution issues 
could be improved although this is an area where most questions remain unresolved.  
While the use of CSW in the study area led to economic benefits of approximately $35M 
per annum there are questions about whether improved outcomes could be achieved with 
better water allocative efficiency.  This thesis contends that CSW should be carefully and 
sustainably managed in the same way as other groundwater resources.  Given the 
significant volumes of CSW extracted and used, the availability and beneficial use of CSW 
needs to be viewed in the context of all water supplies.  Because other water supplies are 
subject to sustainable diversion limits significantly below current levels of extraction, there 
is a major opportunity for this water to contribute to the sustainable management of water 
in the Condamine-Balonne water catchment.   
 
This thesis suggests that CSW provided to replenish or replace water drawn from the over-
allocated Condamine Alluvium would enable a more effective transition to achieve water 
reform.  CSW used in this way would provide benefits in the form of improvements to 
sustainable water storage for longer-term use.  It would restore depleted groundwater 
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sources and result in less wastage of water from excessive and wasteful usage and 
reduced evaporative losses.  Re-injection could also yield improved equity of distribution to 
a wider range of users who would be able to utilise this water for greater economic gain. 
 
The reinjection of CSW would help maintain the Condamine Alluvium and possibly yield 
improved economic outcomes.  Re-injection would reduce the cost of the buy-back of 
groundwater licences ($80M – see Chapter 2) for up to 40 years.  There is also could be 
an increase from agricultural production by supplying this water to more productive land 
overlying the Condamine Alluvium in the eastern Downs.  The increased income for 
agriculture would greatly improve the prospects to improve sustainable agriculture.  This 
one-off opportunity to recharge the Condamine Alluvium from CSW provision has so far 
been missed by the establishment of this industry in this particular way.  
 
It could be argued that the industry should not bear the cost of re-injecting this water into 
the Condamine Alluvium because this would be an added cost.  However, based on 
maximum modelled costs for re-injection of $1000/Ml (Chapter 2) there would be sufficient 
margin for the most efficient users ($2,000/Ml) to cover these costs.  These costs may be 
reduced by the fact that this aquifer is only about 30 metres below the surface and is 
highly porous and permeable.  However, the cost of re-injecting into this aquifer would 
need to be accurately determined to estimate the potential benefits.  This together with a 
user pays system for this water could yield even higher returns for agriculture and greatly 
improve the prospects for improvements to sustainable agriculture.   
 
This thesis suggests that there are various mechanisms such as managed aquifer 
recharge (MAR) which could yield improvements for sustainable agriculture, improve 
allocative efficiency and equity.  Regardless of the mechanism chosen, this water offers 
the opportunity to assist with the objectives of water reform. The practicality and cost of 
this option has not been fully evaluated here.  Therefore, consideration of the technical, 
economic, social and environmental implications of reinjection remains a key area for 
future research.  Further research would be needed to work out how this could be 
achieved including ways in which the beneficiaries would pay for the benefits delivered.  A 
better understanding of this will be of considerable benefit to gas companies, agricultural 
producers, government regulators and industry in general. 
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This research could be informed by accurately determining the costs of re-injection versus 
more efficiently using CSW in existing above ground schemes.  This data would be 
accurate if obtained from the companies who are producing CSG and CSW and are 
conducting re-injection trials.  This data is currently not available.  Therefore, alternative 
methods may need to be found. 
 
Further research in this field will provide a better understanding of the potential for 
development of the industry.  Some key areas for further work are; 
 
 Evaluating the actual cost of re-injection into the most depleted aquifer (Condamine 
Alluvium) and other means of distribution including; 
o Comparative costs for piping and storage above ground compared with 
underground storage and retrieval 
o Comparative benefits to be achieved by more efficient marketing of water 
o Comparative benefits of delivering the water to more productive agricultural 
areas 
o Measuring the potential improvements to sustainable agriculture from more 
efficient use and delivery. 
 Undertaking a full cost-benefit study of the use of CSW taking into account 
externalities for the immediate and wider region.  
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Appendix A CSG Company (Origin, Arrow and APLNG) tenements in study area 
(Chinchilla district, Queensland) 
 
 
Figure 26: Origin and APLNG tenements in study area 
Source: (APLNG Pty Ltd, 2012, Arrow Energy, 2014a) 
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Figure 27: QGC tenements in study area 
Source: (QGC Pty Ltd, 2013b) 
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Figure 28: Arrow tenements in study area 
Source: (Arrow Energy, 2014a) 
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Appendix B Projected CSW production by location for Arrow Energy 
 
 
 
 
Figure 29: Arrow tenement projected CSW production 
Source: (Coffee Environments, 2011) 
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Appendix C Water resources, properties boundaries, land use, rainfall isohyets and 
shire boundaries in study area 
 
 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 30: Water resources within study area 
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Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 31: Property boundaries in study area 
 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 32: Land use and property boundaries in study area 
  
236 
 
 
 
Source: (Maher J, 1996) 
Figure 33: Shire boundaries in study area 
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Source: (Maher J, 1996) 
Figure 34: Land resource areas in Tara Shire 
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Source: (Maher J, 1996) 
Figure 35: Rainfall isohyets in study area 
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Source: (Maher J, 1996) 
Figure 36: Land resource areas Murilla and Chinchilla Shires 
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Appendix D Forestry area in study area 
 
 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 37: Forestry area in study area 
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Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 38: Soils in study area 
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Appendix E Land use, property boundaries and CSG wells in study area 
 
 
 
Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 39: Land use and property boundaries in study area 
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Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 40: Other land use and property boundaries in study area 
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Source: www.dnrm.qld.gov.au/mapping-data/queensland-globe 
Figure 41: CSG wells in study area 
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Appendix F Photos of Origin irrigation project, APLNG water supplied to private 
irrigator and CSW irrigating fodder crop in study area 
 
 
Figure 42: Photo of Origin irrigation project in study area  
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Figure 43: APLNG water supplied to private irrigator in study area 
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Figure 44: CSW irrigating fodder crop in study area  
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Appendix G QGC, Kenya to Chinchilla Weir pipeline and CSW water supply diagram 
 
 
 
Source: (SunWater, 2014a) 
Figure 45: Kenya to Chinchilla Weir pipeline  
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Source: (SunWater, 2014a) 
Figure 46: QGC CSW water supply diagram 
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Appendix H Irrigation water use on Queensland farms, 2009-2010 
Table 31: Agricultural water use on Queensland farms, 2009 - 2010.  
 
Qld Condamine 
 
Estimate 
Number of 
agricultural 
businesses Estimate 
Number of 
agricultural 
businesses 
 
no. 
 
no. 
 
Area of holding 
    Area of holding - Total area of holding (ha) 129,667,586 27,578 2,096,010 3,632 
Agricultural water use 
    Agricultural water use - Irrigation water - 
Total area watered (ha) 502,600 9,402 55,288 1,054 
Agricultural water use - Irrigation water - 
Total volume applied (ML) 1,823,870 9,402 165,647 1,054 
Agricultural water use - Irrigation water - 
Application rate (ML/ha) 4 1 3 1 
Agricultural water use - Other water - Volume 
(ML) 213,380 20,021 13,908 2,938 
Sources of agricultural water 
    Sources of agricultural water - Water 
supplied by government or private irrigation 
schemes - Volume (ML) 825,248 2,984 15,771 58 
Sources of agricultural water - Surface water 
taken from dams, rivers and lakes - Volume 
(ML) 621,482 15,124 96,318 1,403 
Sources of agricultural water - Groundwater - 
Volume (ML) 537,691 13,757 64,331 2,603 
Sources of agricultural water - Town or 
country reticulated mains supply - Volume (ML) 2,485 891 23 19 
Sources of agricultural water - Recycled/re-
used water from off-farm sources - Volume 
(ML) 29,802 437 1,339 25 
Sources of agricultural water - Other sources 
- Volume (ML) 20,544 344 1,772 18 
Sources of agricultural water - Total water 
used for agricultural production - Volume (ML) 2,037,251 24,287 179,554 3,151 
     Source: (Australian Bureau of Statistics, 2014a) 
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Appendix I Soils, land use and dam site, Nathan Dam 
Table 32: Soils along Nathan Dam pipeline. 
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Source: (SunWater, 2013a) 
 
  
Figure 47: Land use along Nathan Dam pipeline 
Source: (SunWater, 2013a) 
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Figure 48: Nathan Dam site 
Source: (SunWater, 2013a) 
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Appendix J Irrigated corn budget, Nebraska, 2006 
 
Table 33: Irrigated corn budget, Nebraska, 2006. 
 
 
 
Source: (O'Brien D, 2007) 
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Appendix K Healthy Headwaters Water Efficiency Project 
(Discusses various options for improved distribution of CSW with emphasis on 
reinjection of water into the Condamine Alluvium) 
 
One of the most extensive research programs conducted in Queensland which has a 
bearing on this thesis is the Healthy Headwaters Water Efficiency Project. The Healthy 
Headwaters Water Use Efficiency Project (HHWEP) is a Queensland State Priority Project 
agreed to by the Australian and Queensland governments at the July 2008 Council of 
Australian Governments (COAG) meeting. The Project was funded by the Australian 
Government as part of the $5.8 billion Sustainable Rural Water Use and Infrastructure 
Program  (Department of the Environment, 2010). 
 
The HHWEP was designed to assist irrigation farmers in the Queensland Murray-Darling 
Basin through investing in efficient irrigation systems and technologies that reduce water 
loss, deliver long-term social and economic benefits, and return a share of water savings 
to the Basin's rivers, wetlands and floodplains.  The HHWEP was to examine ways to 
improve ways of utilising irrigation infrastructure such as metering, converting open 
channels and the like. 
   
In July 2008, the Council of Australian Governments signed the Intergovernmental 
Agreement on Murray-Darling Basin Reform, which established new governance 
arrangements for the Murray-Darling Basin. The Australian Government also agreed in 
principle to provide around $3.7 billion for significant water projects called priority projects 
in Murray-Darling Basin states. 
  
Subject to agreement between the Australian and Queensland governments, up to $160 
million was provided over 10 years for Queensland’s priority project, known as the Healthy 
Headwaters Program. This program was managed by the Department of Environment and 
Resource Management and funded under the Australian Government’s $12.9 billion Water 
for the Future initiative. The Queensland Department of Natural Resources and Mines 
(DNRM) is the State agency now responsible for implementing the project.  A large part of 
the Water for the Future program funding was to buy back water rights from irrigators 
especially in areas where the government believed water extraction was unsustainable. 
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Five million dollars of the Healthy Headwaters Program funding was allocated to examine 
the use of CSW in addressing water sustainability and adjustment issues in the 
Queensland section of the Murray Darling Basin (QMDB) (Department of the Environment, 
2010). 
  
The Coal Seam Gas Water Feasibility Study was designed to analyse the opportunities 
for, and the risks and practicability of, using CSW to assist in achieving the long-term goals 
in the QMDB of transitioning irrigation communities to lower water use and securing 
viability of ecological assets. 
  
Among other things, the study was to consider the feasibility of using CSW to relieve 
demand on groundwater for irrigation in heavily committed aquifer systems near the 
Condamine River.  
The study was completed in April 2013 and it undertook a series of activities: 
 Activities 1 to 7 investigated the risks of extracting and using CSW, as well as 
analysing likely supply and demand. 
 Activities 8 and 9 assessed specific opportunities for using CSW in the QMDB. 
According to the department (Department of the Environment, 2010) the study provided 
valuable data about the: 
 likely volumes of production and reliability of CSG water supply and demand in the 
QMDB and surrounding regions in the next few decades  
 potential impacts to surface and groundwater systems from CSG water production 
and disposal  
 potential options for using CSW in the QMDB. Aquifer injection and supply for new 
or existing irrigation schemes were shown to be the most feasible, because they 
provide the greatest economic and environmental benefits.  
 
However, in the opinion of the author and despite the relevance and importance of the 
HHWEP the study fell well short of solving many of the issues relevant to this thesis.  The 
HHWEP did not provide a clear strategy for the use of CSW, how it might offset losses 
from other areas including buy-backs and how the significant amount of “new CSW” could 
be allocated to establishing sustainable agricultural industries. The studies do however 
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provide very valuable data which will assist in framing a concise set of NPV equations 
which may help resolve which industries will be sustainable into the future.  The key 
HHWEP Activities for this purpose are Activities 6 (not discussed in detail here because it 
is a technical report on re-injection), 7, 8 and 9. 
Activity 7: South West Queensland Water Demand Analysis 
This project consisted of delivering three reports; one on Non-urban Demand, one on 
Urban Demand and one Summary Report (PSI Delta Pty Ltd, 2010).  While it would be 
thought the report on non-urban demand is the one of most interest to this thesis in fact all 
three are important because these reports reveal that the potential CSW supply would 
likely go to the users with the highest capacity to pay and with high urban growth in South 
West Queensland this is likely to be the urban, electricity and construction users.   
 
This is not to say that considerable volumes of CSW will not be available for agricultural 
use especially in areas remote from urban centres and given the fact that there is 
considerable unmet agricultural demand this water could go to the area of highest 
agricultural return in the areas where it is most abundant.  Figure 49 shows that the 
projected CSW production within South-West Queensland could be a valuable asset in 
allowing for development, particularly in the Maranoa-Balonne and the Lower Condamine 
regions, but the potential for this resource to have a limited lifespan presents a serious 
impediment to any investment. The projected water production in the Central-Northern 
Downs subregion will not be able to fully satisfy potential demand, but could provide a 
valuable contribution to assist with transitioning irrigators through any reduction in water 
availability. 
 
The Summary report showed that urban demand would greatly outstrip current supply with 
water demand in Pittsworth, Miles, Warwick, Stanthorpe and Dalby predicted to increase 
by around 50% by 2060. Water demand measures such as waste water re-cycling could 
reduce the study region’s urban water demand by up to 10% over this period however 
there would still be a need for between an additional 4,000 to 6,000 ML/yr. 
 
Overall it was found that demand for water in South West Queensland is in excess of 
supply, and as such, further growth in most industries is limited by water availability. It was 
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considered highly likely that water use will remain at or near capacity over the next 50 
years. 
 
It was found that broad-acre irrigated cropping will continue to be the main water user in 
SW Queensland, with cotton, at least for the next 25 years, expected to be the largest crop 
by area irrigated and water use. It was thought that there is a reasonable possibility that 
cotton production in the study region could gradually decline in favour of increased broad-
acre production of food crops. Even if cotton production did decline, the cotton industry 
was thought to be likely to remain the largest single influence on demand for agricultural 
water in South West Queensland for at least the medium term future. Horticultural 
production and intensive livestock facilities were expected to remain intensive with locally 
important water demands, but these would not account for a large proportion of overall 
water demand. 
 
Source: (PSI Delta Pty Ltd, 2010) 
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Figure 49: Projections of CSW water production and consumption 
Increased coal mining for export was found to increase water demand from the energy 
industry, however, overall volumes will remain small in comparison to agriculture, and may 
be partially offset by the supply of CSW. Despite this the effects on the Lower Condamine 
subregion could be significant as the energy industry is less likely to be constrained by 
water availability due to its higher capacity to pay. 
 
Overall water demand in South West Queensland was found to be not particularly 
sensitive to climate change, water use efficiency or industry change, as water and land 
resources in the study region were thought sufficiently valuable that all available resources 
will be used to the maximum extent possible. The report found that any reductions in water 
availability would result in reductions in industry output, particularly for cotton and to a 
lesser extent the other broad-acre industries. A number of communities in South West 
Queensland were found to be highly dependent on these industries, and a substantial 
reduction in output could have a major socio-economic impact on these regional areas. 
 
The report found demand for CSG water is likely to be limited by a number of key factors. 
The quality of the CSW makes it unsuitable for direct use and treatment costs are 
expected to be prohibitive for commercial sale to agricultural industries. It was found that 
even if treated CSW is offered to all potential users at an affordable price, there was 
limited capacity for most industries to accept significant volumes. The exception to this 
was found to be in the Central – Northern Downs subregion where there is a significant 
capacity to accept water on both a long term and a short term basis, due to the excess 
storage capacity and irrigable land available. However it was found that treatment and 
transport costs remained an issue for the supply of CSW to all regions. 
 
It was found that the outcomes of this study were sensitive to major changes in the 
economy and factors affecting industries, particularly the development of the CSG 
industry. While every effort had been made to include the effects of such factors in the 
range of results provided, it was thought possible that changes could be larger than 
predicted, and this could affect outcomes.  As a result these issues would need to be 
revisited in the NPV calculations for this thesis. 
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Activity 8.1:  Infrastructure options for delivering coal seam gas water to the Central 
Condamine Alluvium 
This project aimed to address two key water-related issues facing Queensland, namely the 
large volume of water produced as a by-product of coal seam gas (CSG) extraction, and 
the longstanding depletion of the Central Condamine Alluvium (CCA). It was hoped that 
the CSW could be beneficially utilised in the CCA either directly through substitution of 
groundwater extraction or indirectly through aquifer injection.  The result of this was that 
existing infrastructure was unlikely to provide much advantage in delivering CSW to the 
CCA. A total of eight different scheme options were evaluated in this study. Summary 
details of these schemes are provided in Figure 50. 
 
 
Source: (Kellog Brown & Root Pty Ltd, 2012) 
Figure 50: Total cost of CSG water per megalitre delivered by project 
 
Figure 50, summarises the unit costs for each of 8 options based on the total water 
delivery over the project life. The total outlay for each option was determined by 
considering three types of costs namely; maintenance, power, and capital expenditure 
(capex). The conclusions from this study were that: 
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“Sufficient demand exists in the CCA to use all the projected CSW from the identified 
source areas.  Existing water supply infrastructure is unlikely to be of significant assistance 
in delivery of CSW to the CCA. However, existing on-farm water distribution infrastructure 
can continue to be used for on-farm water distribution under an injection scenario. 
 
The best option is likely to be focused on delivery of water to injection locations, with 
opportunity provided for direct supply to farms (substitution) along the pipeline route. 
Lower cost schemes can be constructed using water sources close to the CCA; however, 
these schemes deliver about 15,000 megalitres per annum (ML/a), while schemes 
extending further west can deliver up to about 44,000 ML/a.  Capital costs for the 
investigated schemes vary from $33 million to $533 million, with unit cost per megalitre 
delivered varying from $397/ML to $783/ML. 
 
The identified options could be developed individually or in various combinations. With 
water available early, the Central Scheme could provide an appropriate pilot scheme, and 
this would work efficiently with later construction of the Northern and Southern schemes. 
However, there may be some inefficiencies should it be planned later to construct the 
Western or Integrated Western schemes” (Kellog Brown & Root Pty Ltd, 2012). 
 
On the basis of these findings the author believes that delivery of CSW to agricultural 
producers in significant volumes on the CCA via the methods proposed here is costly 
compared with Sunwater supply costs and therefore would be uncompetitive if full cost 
recovery was applied.  Clearly the method of delivery ( for example via pipeline, overland 
channel or re-injected into aquifer) with associated high infrastructure costs is a very 
important consideration in delivering economic irrigation water supplies.  For comparison 
irrigation water supplied by Sunwater from the Chinchilla Weir is currently priced at around 
$25 per megalitre for Part A as shown inTable 33. 
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Table 34: Prices for Chinchilla weir water ($ML) 
  
2006-07  2007-08  2008-09  2009-10  2010-11  2011-12  2012-13  2013-14  2014-15  2015-16  2016-17  
River  
Fixed 
(Part 
A)  
15.84  16.32  17.12  17.64  18.16  18.84  25.37  26.01  26.66  27.32  28.01  
Volum
etric 
(Part 
B)  
13.91  14.32  15.01  15.48  15.95  16.52  2.91  2.98  3.06  3.13  3.21  
 
Source: (Queensland Competition Authority, 2012) 
 
It is believed CSW is supplied to the Weir by CSG companies free of cost.  Clearly the 
figures quoted by the author of this report (KBR P/L) (Kellog Brown & Root Pty Ltd, 2012) 
ranging from $400 to $1000 per Ml would not be attractive to irrigators if full cost recovery 
was applied. 
 
To implement any of the schemes outlined in this report, KBR P/L stated that various 
technical and operational issues must first be addressed. Chief among these is 
determining the rate and total volume of water that can be injected at different locations in 
the CCA and to do this KBR recommended that a groundwater injection trial was a key 
task to assist in determining this. 
 
Two reports were written on this issue under the titles of Healthy Headwaters Activity 8.2 
Phase 1 and Phase 2.  Despite the considerable work which went into the provision of 
these reports the results regarding the technical feasibility of re-injection were 
inconclusive.  Therefore the economic feasibility is also unknown.  On this basis the author 
concludes that this method is not a reliable means of delivering long term sustainable 
storage of CSW.  However subsequent studies may reveal otherwise. 
 
Apart from this a number of issues were identified in the report for Activity 8.1 that should 
be further investigated as quoted below: 
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“Substitution demand [CSW replacing other sources] is strongly linked to seasonal and 
climatic conditions with requirements for balancing storages, and/or the ability to redirect 
water to injection points, may need further investigation. 
New licensing arrangements may be needed to adjust allocations so that extractions from 
groundwater are reduced when substitution water is provided. However, it is noted that 
CSW supply is not permanent and so the arrangements will need to allow for a return to 
extraction solely from groundwater sources. 
 
The possibility of substitution direct to towns (i.e. Dalby, Millmerran and Pittsworth) and the 
applicable legislation need to be considered further. 
The allocation of CSW for substitution may result in equity issues. CSW for substitution 
would only be available within defined areas. In some cases this water may be of a higher 
quality or reliability than the groundwater available to users outside the substitution 
scheme area. 
 
Concessions will need to be made for evaporation and seepage losses related to on-farm 
storages. The potential losses would need to be estimated and accounted for in the 
allocation of substituted CSW to each and every irrigator. Also, these losses are an 
inefficiency relating to the operation of substitution options that is not believed to apply to 
injection options. 
 
Any substitution scheme will need to be designed to accommodate future changes in 
entitlements associated with government buy-backs or new water trading arrangements as 
part of the Murray–Darling Basin Plan or Queensland’s water resource planning process. 
Pricing of CSW for substitution would have to be investigated. 
 
The volumes of CSW able to be injected, as well as the infrastructure required for any 
particular injection volume, are largely unknown. Significant technical investigations will be 
required to gather this information. The planning and delivery of injection trials, as well as 
the subsequent implementation of an injection scheme, will be subject to regulatory 
approval. Guidelines and regulatory arrangements for these activities were still under 
development at the time of writing. 
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WTP locations and sources need to be further refined in order to better quantify the 
volumes of CSW to be produced. Ability to transport CSW ‘off-lease’ is, at time of writing, 
legislatively restricted. The pipeline options developed in this activity assume that this 
restriction will be relaxed in the future. 
 
The extent of liability sharing by various CSG producers contributing to a scheme is 
something which should be considered further as the source areas in this study are owned 
by various CSG producers. 
 
A third party, independent of the irrigators and the CSG producers, is likely to be required 
to own, operate, maintain and administer the utilisation of the water infrastructure, whether 
it be for injection or substitution. 
 
This study has assessed a number of options for delivering CSW to the CCA, but has not 
compared these options to other potential options for using CSW or for addressing the 
depletion of the CCA aquifer. Comparison of the options developed in this study to other 
potential options is recommended” (Kellog Brown & Root Pty Ltd, 2012). 
Many of these issues were addressed in the reports for Activity 6, 8.2 Phase 1 and 2, and 
8.3B and C. These are discussed in the next section. 
Activity 6: Injection of coal seam gas water into the Central Condamine Alluvium; 
Technical feasibility assessment; Final Report 
Activity 8.2  Phase 1: Injection of coal seam gas water into the Central Condamine 
Alluvium: Site prioritisation: Final Report 
Activity 8.2  Phase 2: Field program design for injection trials in the Central Condamine 
Alluvium: Final Report 
All of the above reports showed fairly conclusively that re-injection of CSW into deep and 
shallow underground water aquifers was technically possible.  The potential for re-injection 
of clean water into shallow aquifers (mostly Precipice Sandstone) was investigated with 
the aim of recharging the underground water supplies of the Condamine Alluvium which 
are already over-allocated and in drawdown.  Re-supply from CSW would be a great 
opportunity to redress this and potentially add water which could supplement these 
supplies.  The added benefit of this is that it could potentially distribute the water to a wider 
group of potential users without the cost of individual pipelines.  If this could be shown to 
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be feasible it would go a long way to improving sustainability because it would mean water 
could be stored for optimum use when needed.  However as will be seen from Activity 
8.3B and Activity 8.3C the economics of this was prohibitive and as a consequence has so 
far not been adopted. 
Activity 8.3B:  Assessment of alternative use options for coal seam gas proposed for 
Central Condamine Alluvium recharge schemes 
This report produced by Tree Crop Technologies P/L is probably the most relevant of all 
HHWEP projects to this thesis.  This is because the methodology used with economic 
evaluation is the same as that proposed at the regional scale although the range of options 
considered with a focus on re-injection being found to be uneconomic is not feasible for 
the reasons discussed previously.  The results of this study are summarised in Table 35. 
This study reviewed various options based on an eastern water source (EWS) with two 
main sub-options; 
 
EWS 1 Injection to the Central Condamine Alluvium to recharge the depleted aquifer 
and mitigate potential CSG impacts. 
EWS 2  Supply to existing irrigation users nearer the source (not substitution), via 
pipeline and utilising existing or new on-farm storage. 
 
And a western water source (WWS) with three main sub-options; 
 
WWS 1  Injection to the Central Condamine Alluvium to recharge the depleted aquifer 
and mitigate potential CSG impacts. 
WWS1A  (Truncated profile). Extension of the peak injection capacity based on the 
projected Chinchilla south water profile. 
WWS 2  (Extended profile). Extension of the peak injection capacity based on a 
delayed production of water from the Chinchilla South Water Source. 
 
A full suite of options is listed in Table 34 with the most economically viable of the options 
EWS 2 and WWS 2 at $93 and $94 per ML respectively, may be unattractive to users if full 
cost recovery was applied by the suppliers.  The reasons for the high costs relate mainly to 
RO treatment, transport to injection sites and cost of re-injection. Clearly for sustainability 
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the costs for one or all of these major components would need to be reduced.  The author 
intends to investigate these possibilities are part of the thesis. 
Table 35: Summary of CSG water options for Condamine Alluvium, 2013. 
 
Source: (Tree Crop Technologies P/L, 2013) 
Activity 8.3C:   Assessment of options for using coal seam gas water in the Central 
Condamine Alluvium: Business Case 
This report was prepared by Arup P/L and published in April 2013 (Arup Pty Ltd, 2013).  It 
appears this was the last report of the HHWEP.  Its aim was to provide a business case for 
how CSG water could be used in the CCA.  The results of their BCA analysis is shown in 
Table 35. 
 
Table 36: Summary of Arup, CSW water options for Condamine Alluvium, 2013. 
 
 Source: (Arup Pty Ltd, 2013) 
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As can be seen from Table 36: Summary of Arup, CSW water options for Condamine 
Alluvium, 2013. 
The cheapest water cost option is IC at $379 per Ml which is again not viable for users.  
Option 1 is based on injection to five sites as shown in Figure 51. 
 
 
Figure 51: Option 1 Injection to five sites 
Source: (Arup Pty Ltd, 2013) 
 
Clearly the option for re-injection of clean CSW is not viable without subsidy or alternative 
technology and the latter seems to the author to be the way forward with use of treated 
(not RO) CSG water or possibly the use of RO treated water but released to surface 
storage and streams31 for direct usage. This will need to be evaluated in detail as part of 
this thesis. 
 
  
                                            
31  Environmental guidelines would make this option unlikely at this stage. 
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Appendix L Irrigation costs and returns for the Flinders Catchment, Queensland 
 
The CSIRO has recently undertaken an assessment of the irrigation costs and benefits as 
part of the North Queensland Irrigated Agriculture Strategy for the Australian Government 
(CSIRO, 2013).  The reason why this study is particularly relevant to this thesis is that it 
compares the difference between on-farm use of water which assumes zero cost of water 
but high capital costs for on-farm storage and pumping compared with scheme scale 
provision at a fixed price for water allocated.  
 
In the case of on-farm storage various sizes of ring tanks were considered to estimate the 
comparative advantages. The general assumptions being this was for 500ha of irrigation 
and project life of 15 years with two discount rates (5% and 7%). These results are 
summarised in Table 37. 
 
Table 37: NPVs for four irrigation scenarios, 2013 
 
 
Source: (CSIRO, 2013) 
 
What is shown in this table is that in order to obtain a positive return on investment a 
minimum $1500/ha gross margin is necessary.  Of all 11 crops considered only cotton and 
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wheat yielded this level of return. For a 7percent discount rate the returns were even less 
positive especially for larger water storages. 
 
The conclusion from this work is that given the high capital costs incurred, even with “free 
water” the ability for individual farmers to guarantee a positive return from irrigation is 
fraught with difficulties and risks.  It is true that a major cost for northern rivers producers is 
the high cost of transport of produced commodities to market but the general conclusion 
that repaying high capital costs for water storage is a huge disincentive to investment. 
 
The general conclusions for on-farm investment being: 
 
 The capital costs of irrigation development, particularly when an on-farm dam is 
included, are high and impact substantially on investment performance 
 Gross margins can vary considerably from year to year, and with large capital 
investments, they need to be sustained at high levels for the investment to be viable 
 Water reliability is a significant issue. Profitable investments under reliable 
allocation delivery can become unviable with reduced water reliability 
 Timing matters – poor crop yield outcomes early in the life of the investment will 
further disadvantage the investment performance 
 The benefits from irrigation to beef cattle production is by means of overcoming 
seasonal feed shortages. Notably, the main economic value of irrigation accrues 
from: 
o Higher turnoff weight attracting a higher price per head in the market 
achieved through a combination of longer fattening period and higher daily 
live weight gains; 
o Reduced need for costly supplementary feed, such as grain and purchased 
hay, during the dry season due to provision of on-farm valuable feed; 
o Sale of hay as a complementary source of revenue; 
 Investing in irrigation to incorporate irrigated forages into the typical beef operations 
of the gulf catchments of north Queensland appears to be economically unattractive 
because the capital costs of irrigation far outweigh the returns from raising the 
productivity of the cattle herd.  
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The general conclusions for scheme-scale investment were even less promising. A 
$4billion scheme dam delivering water with 100 percent reliability over 100 years required 
a minimum irrigated area of 80,000ha.  This required the supplier to charge a minimum 
$56/ML whereas the user would need a gross margin of $2000/ha to cover this cost.  
Given the risks involved this level of investment would be extremely unlikely without major 
government subsidy.  
 
It is believed that many of these conclusions could also be true for use of CSW for 
production of irrigated fodder crops in South-West Queensland.  On the plus side for SW 
Queensland is the fact of reduced transport costs but on the negative side is water quality, 
reliability and price.  These issues would need to be evaluated in detail. 
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Appendix M Criteria for Establishing Interview and Assessment Questions 
Research Topic: An Enterprise and Industry Transition Analysis of the Use of Coal Seam Water in Agriculture: A Case Study of Chinchilla 
District, Queensland. 
Research Questions      
Criteria Measure Interview/Discussion Question Quantitative Measure 
Background Information  
 
Describe nature of enterprise 
Location of property Initial phone contact – verify if possible Distance to main town, mark on map 
Size of property From initial phone interview Hectares  
Main production activities 
Can you describe your production and 
relative proportions of enterprise? 
% of total hectares, income  
Farm gate prices 
Data from Agforce etc? and ask price, 
check literature 
$/tonne or c/kg weight /meat 
Property ownership/family 
members 
What are your ownership arrangements 
– family company, partnership etc.?  
Number, sex, ownership structure 
Off-farm assets or income 
What percentage of income derived 
from farm vs off-farm? 
$ pa. 
Current agricultural production 
output 
Description of property type by 
nature of production 
(cropping, grazing, mixed) i.e. 
Enterprise mix i.e. how much 
cropping/grazing, 
winter/summer crop etc. 
Do you have any management plans 
lodged with agronomy companies or 
bank (with baseline indicators of soil, 
water, weeds etc)? 
Baseline indicators of soil, water, 
cropping, grazing, people, food 
security. 
Levels of production – yields 
from crops, liveweight gain 
from cattle, calving rates etc. 
Can I obtain tables, data, books for 
accountant, tax return? 
Tonnes/ha pa by crop, liveweight gain, 
$/head etc. 
Description of soils 
 
What are soil types by 
percentage 
Is there a soil survey of your property 
and its suitability for irrigation? 
Percentage of each soil type. 
Type/extent of irrigation 
The amount/extent of furrows, 
ring tanks, centre pivots. 
Do you have an infrastructure map of 
property or can we draw one? 
Percentage of productive land 
allocated to irrigation 
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Initial phone contact 
 On-farm water storage   
 Irrigation allocation   
Subproject 1. Economics and Logistics of existing enterprise: Modelling (backed by farmer survey)  
Capital costs, debt, cash flow, 
asset value etc.  – current 
economic measures of the 
enterprise without CSW 
Dryland cropping gross 
margin.  Cattle turnoff weight 
and nos. 
Do you have figure for cash flow budget 
similar to attachment C – compare 
published figures? 
Data obtained from APSIM model but 
gross margins backed by farm survey 
as per attachment C 
Economics and Logistics of different scenarios with CSG water 
Scenario 1 – eg. flood irrigated 
cotton etc. 
Irrigated gross margins Obtain figures - See attachment C ditto 
Capital costs, debt, cash flow, 
asset value etc.  – current 
economic measures of Scenario 
1  
Ditto  Ditto  ditto 
Scenario 2 – centre pivot etc.     
Capital costs, debt, cash flow, 
asset value etc.  – current 
economic measures of Scenario 
2 
Ditto  Ditto  Ditto  
Subproject 2. Nature of Transition Decision Making: Farm Survey 
How decisions are made  
Description based on farm 
interview 
Same for each farmer questions 
regarding intentions – see 
questionnaire 
Qualitative reporting 
How farmers weigh up risk 
management  
 
 
 
List based on interview ditto Quantitative and qualitative 
How farmers consider the 
incorporation of CSW in their 
Description based on farm 
interview 
Same for each farmer questions 
regarding intentions – see 
Qualitative reporting 
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enterprise – e.g. to what extent 
does succession planning and 
their future in farming influence 
their decision making  
questionnaire 
How is debt and equity 
considered in decision-making  
ditto Ditto  ditto 
Managing the Transition in Enterprise 
How do producers intend to 
make decisions about enterprise 
transition 
ditto ditto ditto 
How will they monitor and 
adjust? 
ditto ditto ditto 
Price of Water 
Different water price 
considerations  
What are contract conditions – 
price of supply and refusal 
How will you deal with increase in price 
and how will you manage refusal? 
$s and qualitative description  
Knowledge of irrigation    
How knowledge affects decision 
to adopt CSW 
 
 
Level of education and 
training specific to irrigation 
How will you cope with transition – what 
support are you getting? 
Qualitative description 
Other aspects that arise which 
affect transition 
   
Relative importance of other 
issue in transition 
Critical conditions such as 
family structure 
How important is this issue to decision 
making 
Ditto 
Subproject 1 and 2. Modelling and Farm survey: Change in Farm Operations and Production due to CSW  
CSW supply contract 
Impacts on irrigation from co-
produced water 
Do you/will you receive any co-
produced water? Do you have a supply 
contract?  Can I access the details; 
 
How many ML/p.a. of co-produced 
water did/will you receive etc 
 
Length of time 
Amount received (annual, per ha etc) 
Price 
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32 Short term is assumed to be less than 12 months unless producers indicate otherwise 
33 As per farm budget or equivalent – see attachment C 
Quality 
Supply guarantee 
Penalty for refusal? 
Change in productive land Change in productive land 
What is the area of productive land 
allocated to CSW irrigation. 
Will increase/decrease in the future? 
Percentage of productive land 
allocated to CSWdevelopment in the 
short term32and in the long term. 
Overall production  Change in crop yield 
Do you know if there have been any 
changes in total crop production and 
yield since use of CSW? 
Percentage change in crop production 
(total tonnes, tonnes/ha, yield/ha 
(each type or total). 
 
Farm enterprise structure 
The extent of change to 
enterprise mix or business 
structure as a result of CSW 
operations 
Change in crop type production (dry 
land cropping to irrigated?) since 
introduction of CSW? 
Percentage change of enterprise mix 
or business structure 
(eg.grazing:cropping, grazing:feedlot) 
Impact on farm layout Changes to farm layout  
What changes, if any, are needed to 
accommodate CSW infrastructure such 
as dam building, centre pivot, furrows 
etc 
 
Total value of CSW infrastructure. 
Management and cultivation 
practices 
Changes to cultivation set-up 
to accommodate changing 
irrigation systems 
What has been the impact of CSW on 
farm management, laser levelling, 
irrigation application following the 
introduction of CSW infrastructure? 
Change in revenue resulting from 
altered operations ( laser levelling, 
irrigation application)33 
Impact on grazing  type and number of stock 
What stock changes (type, rates, turnoff 
etc) have undertaken as a result of 
CSW irrigation 
Percentage, nos, and $s 
Surface and other water sources 
Impacts on surface water flow 
– direction, concentration and 
What are the impacts of CSW 
infrastructure on the surface flow of 
Percentage change in proportion of 
CSW relative to other water sources 
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potential erosion  water? 
 
Impacts of changes to surface 
water flow – direction, 
concentration on soil and 
potential erosion 
What are the impacts of CSW on the 
flow of water and erosion impacts? 
$ spent on remediation of change of 
water impacts – soil, dams ($/ha/p.a) 
Farm infrastructure subsidies 
from company 
any subsidies for CSW 
infrastructure and training 
Have companies provide subsidy for 
CSW and if so in what form? 
$s and description 
Land Value 
Changes, if any, have 
occurred to land value as a 
result of CSW development  
What are the impacts of CSW income 
on your land value? 
$ change in value of added 
infrastructure and annual income 
increase and reduced income 
fluctuation reflected in  
change in land values since CSW 
infrastructure.  
 
Subproject 3: District Transition -  Modelling, Farm Survey and Literature 
Social and Human Issues 
District skills 
The extent of learning and 
support skills needed to use 
CSW 
The amount of district skills and labour 
for CSW introduction? 
total labour skills increase in district 
Community impact 
Company support and 
interaction for community 
capacity building for CSW 
How many CSW related businesses 
arrived in Chinchilla district? 
number, number of employees  
Drought/Flood 
Water security  
What is impact on water 
supply security/risk associated 
with inundation  
Percentage change in district water 
supply from various sources 
Qualitative data on extent of district 
insulation from climate variation 
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Appendix N Specific Interview Questions by Interview Group 
Farmer with and without CSW: interviewee questions 
1. Interviewee’s name 
2. Location of main agricultural activity 
3. Farm size 
4. What is the primary activity on your farm? 
5. Do you use or intend to use CSW for irrigation on your property? 
6. Is your property freehold or leasehold? 
7. When did CSW development/irrigation begin on your property? 
8. Do you have a contract for supply of CSW? 
9. Do you keep a farm budget, diary or another record of production and profitability? 
10. Are you able to quantify the change in income as a result of CSW irrigation? 
11. How would you describe the soils on your property? 
12. Can you describe the extent of irrigation? 
13. What is your traditional farming activity and what was your income derived from 
prior to CSW? 
14. How has your production and income changed with the introduction of CSW? 
15. What investment did you need to make to take CSW and what subsidies/incentives 
did you receive? 
16. Are you confident of the quantity and quality of CSW will be maintained and can you 
manage surplus water? 
17. Can you provide an infrastructure map of your property with irrigation infrastructure 
shown? 
18. Do you have and investment plan for your property? 
19. What prompted you to take or not to take CSW? 
20. What risks do you think are entailed with CSW and how will you mitigate them? 
21. To what extent are you tied to traditional farming practice? 
22. What level of knowledge do you have about irrigation? 
23. Are there any problems with the way the contract for water is arranged? 
24. How would you rate the success of the CSW contract and its effect on your farm? 
25. What has been the effect on the community and town from CSG/CSW? 
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Expert Commentator: interviewee questions 
 
1. Name of Commentator/Business Name 
2. Location of activity/business 
3. What is the primary activity of your business? 
4. What is your knowledge of use of CSW for irrigation or otherwise? 
5. What do you know of the use of coal seam water and its application? 
6. Have you knowledge of how well it’s working? 
7. Have you heard what producers and others think of it and their financial returns? 
8. Do you know farmers in the Chinchilla district who use CSW? 
9. Have you noticed any regional impacts – positive and negative? 
10. Do you know of any adverse environmental impacts? 
11. What can you say specifically about the different companies and their approaches? 
12. Do you think CSW should be prioritised for beneficial use? 
13. Do you have any views about what may constitute best practice for Beneficial Use 
for CSW users and if so what is the best way forward? 
14. Do you think irrigation is the best use of CSW? 
15. Should it be re-injected in treated or untreated form and in what circumstances? 
16. Do you think the reduced profitability with reduced gas prices mean that some 
investments in water treatment and use will be reduced? 
17. What are the issues around rural producer capability to use CSW in irrigation? 
18. Should there be support and encouragement for this form of activity? 
19. Where should that support come from? 
20. What would you or your company’s view be in regard to subsidies or other forms of 
support to enable transition? 
21. Have you noticed any economic impacts as a result of use of CSW in the region? 
22. What mechanisms would improve allocation to the highest value use? 
23. If there are insufficient funds for best practice irrigation do you think there should be 
a subsidy to achieve it? 
24. What do you think the company obligations should be regarding supply 
guarantees? 
25. Do you believe there are issues regarding equity for water provision? 
26. If this is an issue of equity why wouldn’t the companies/suppliers resolve this 
through water charging? 
27. Should there be equity between what a user will pay for river water and what they 
pay for coal seam water given that it’s essentially the same thing? 
28. Given that this water is only provided for a fixed amount of time what do you think 
producer’s options are down the track? 
29. What leverage do you think users might have in this regard? 
30. Do you think the use of CSW will expand and for what purposes? 
31. Will the irrigation industry based on CSW survive and prosper? 
32. Do you think there is sufficient technical support for producers to make sound 
economic decisions? 
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33. Do you think the science and the monitoring is sufficient to safeguard the 
environment? 
34. While there isn’t a price for the water for supply there is a significant penalty for 
failing to take the water what is your attitude to that? 
35. What about in the case of a flood and the producer can’t use the water? 
36. Are you aware of any issues regarding the monitoring of the quantities and quality 
of the water being produced? 
37. Do you think there is an issue about the effect that once a beneficial use agreement 
has been signed there may be a shift in responsibility for potential environmental 
damage? 
38. Do you think that the companies have shifted the risk from themselves to the 
agricultural producer in terms of maintaining soil and water quality and runoff? 
39. Do you think the BU agreements cover individual producers who may not be 
separately monitored and this could be a concern for the environment especially for 
certain soils? 
40. Do you think individual farmers have the technical capability to manage beneficial 
use agreements? 
41. Do you think the government has provided sufficient information for potential users 
of CSW including for such things as how to manage beneficial use agreements? 
42. What is your view regarding the efficiency of having to go through a process of 
cleaning the water when it could be used more efficiently in the untreated form? 
43. How about in the situation where the user says he will undertake all the treatment 
costs themself? 
44. Do you think farmers have sufficient knowledge to use CSW? 
45. Do you think farmers are equipped to make best judgements about supply 
contracts? 
46. What pitfalls do you see? 
47. What have been the individual farmer and district benefits as a result of irrigation 
using CSW? 
48. Have you published any material in relation to these matters and if so could I please 
have a copy/references. 
49. Is there anyone you think I should talk to about this? 
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Appendix O Example APSIM Spreadsheet, 20-Year options 1900 to 2010 with NPV 
calculations 
  
Initial Invest 
Options -500,000 -500,000 -500,000 -500,000 
 
-100,000 -100,000 -100,000 -100,000 
 
-1,000,000 -1,000,000 -1,000,000 -1,000,000 
     10 - year 
period 1900-1909 1910-1919 1920-1929 1930-1939 
 
-16563.492 103165.57 8404.938 -28408.436 
 
133512.172 50064.133 69135.07 43441.809 
 
-41601.148 69223.625 -8523.813 -73026.367 
 
102706.641 -5132.362 -26600 160130.828 
 
21957.027 41108.828 101713.281 199061.453 
 
-56766.578 -26600 49080.336 81063.547 
 
232091.984 3251.879 -15054.512 -23643.426 
 
7651.568 104541.555 24547.713 4735.192 
 
73320.836 146499.656 59345.953 3800.791 
 
183187.438 -1400.672 -42155.477 181220.984 
     NCF $458,575.69 $378,242.63 $176,075.72 $397,571.19 
     
NPV1 -$541,424.31 
-
$621,757.37 
-
$823,924.28 
-
$602,428.81 
NPV2 -$41,424.31 
-
$121,757.37 
-
$323,924.28 
-
$102,428.81 
NPV3 $358,575.69 $278,242.63 $76,075.72 $297,571.19 
     
     
 
1940-1949 1950-1959 1960-1969 1970-1979 
 
4571.066 70188.32 -60199.719 -40608.922 
 
88299.234 100163.477 34779.465 148811.344 
 
74976.719 162073.141 211374.125 47280.879 
 
-12767.669 -147.068 36558.168 138020.766 
 
-12426.178 189093.047 23660.969 126140.641 
 
27330.141 151567.328 -74353.055 72296.148 
 
64941.508 132740.844 11304.966 88480.391 
 
56853.832 14593.213 47130.633 7691.9 
 
84800.898 64350.711 161150.031 120334 
 
56138.855 81238.625 1081.234 -39718.148 
     
 
$323,126.49 $754,410.56 $294,414.57 $524,749.54 
     
 
$323,126.49 $754,410.56 $294,414.57 $524,749.54 
 
$323,126.49 $754,410.56 $294,414.57 $524,749.54 
 
$323,126.49 $754,410.56 $294,414.57 $524,749.54 
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1980-1989 1990-1999 2000-2009 
 
 
-31770.164 70059.289 -178.492 
 
 
65892.219 -20653.236 -31252.441 
 
 
77503.25 60001.148 44431.352 
 
 
81011.938 22239.848 -9150.108 
 
 
182514.734 120442.938 26194.43 
 
 
58508.582 30192.182 
-
105372.172 
 
 
92815.578 127917.18 -62800 
 
 
16240.048 24254.514 -7860.686 
 
 
49761.629 125708.414 87779.625 
 
 
33559.648 141035.063 47568.297 
 
     
 
$479,406.61 $509,958.95 -$19,934.41 
 
     
 
$479,406.61 $509,958.95 -$19,934.41 
 
 
$479,406.61 $509,958.95 -$19,934.41 
 
 
$479,406.61 $509,958.95 -$19,934.41 
  
      
  
1851.65115 1851.659 1818.462 1840.591 
  
1707.21778 1666.378 1692.08 634.4918 
      
      Date year GM1 GM2 GM3 Average 
31/12/1900 1900 
  
  31/12/1901 1901 3061.144 4166.592 -129 2366.245 
31/12/1902 1902 3539.549 -129 2422.508 1944.352 
31/12/1903 1903 -129 2726.006 4397.979 2331.662 
31/12/1904 1904 2339.9 3716.692 -129 1975.864 
31/12/1905 1905 5880.143 -129 3003.249 2918.131 
31/12/1906 1906 -129 1027.584 2141.117 1013.234 
31/12/1907 1907 2746.619 4689.382 -129 2435.667 
31/12/1908 1908 2972.954 -129 1722.398 1522.117 
31/12/1909 1909 -129 1866.254 3105.147 1614.134 
31/12/1910 1910 2165.545 3609.665 -129 1882.07 
31/12/1911 1911 1899.474 -129 720.548 830.3407 
31/12/1912 1912 -129 2931.753 4652.871 2485.208 
31/12/1913 1913 2918.656 4818.021 -129 2535.892 
31/12/1914 1914 4380.221 -129 3034.703 2428.641 
31/12/1915 1915 -129 3089.077 4266.404 2408.827 
31/12/1916 1916 2915.707 3842.66 -129 2209.789 
31/12/1917 1917 2562.164 -129 1694.231 1375.798 
31/12/1918 1918 -129 2509.64 3339.725 1906.788 
31/12/1919 1919 2138.111 4350.662 -129 2119.924 
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31/12/1920 1920 4789.009 -129 3672.337 2777.449 
31/12/1921 1921 -129 2243.231 2607.094 1573.775 
31/12/1922 1922 2875.648 3969.01 -129 2238.553 
31/12/1923 1923 5124.457 -129 4196.085 3063.847 
31/12/1924 1924 -129 1579.488 2419.352 1289.947 
31/12/1925 1925 2663.405 3750.104 -129 2094.836 
31/12/1926 1926 4030.512 -129 3308.497 2403.336 
31/12/1927 1927 -129 811.66 2147.623 943.4277 
31/12/1928 1928 958.184 2031.607 -129 953.597 
31/12/1929 1929 3564.787 -129 2076.82 1837.536 
31/12/1930 1930 -129 2978.199 4466.969 2438.723 
31/12/1931 1931 3143.752 4967.063 -129 2660.605 
31/12/1932 1932 3763.445 -129 2793.133 2142.526 
31/12/1933 1933 -129 3026.091 4418.488 2438.526 
31/12/1934 1934 2536.9 3787.303 -129 2065.068 
31/12/1935 1935 4804.556 -129 3019.174 2564.91 
31/12/1936 1936 -129 1935.16 2961.838 1589.333 
31/12/1937 1937 2062.987 3358.351 -129 1764.113 
31/12/1938 1938 4688.628 -129 3127.789 2562.472 
31/12/1939 1939 -129 1294.658 2772.402 1312.687 
31/12/1940 1940 1113.543 1915.5 -129 966.681 
31/12/1941 1941 3178.47 -129 2124.488 1724.653 
31/12/1942 1942 -129 319.857 875.221 355.3593 
31/12/1943 1943 2761.316 4609.964 -129 2414.093 
31/12/1944 1944 3749.421 -129 2937.457 2185.959 
31/12/1945 1945 -129 1877.68 2826.561 1525.08 
31/12/1946 1946 3373.167 4504.398 -129 2582.855 
31/12/1947 1947 1757.619 -129 414.34 680.9863 
31/12/1948 1948 -129 2788.184 4221.308 2293.497 
31/12/1949 1949 1097.711 2258.197 -129 1075.636 
31/12/1950 1950 1522.245 -129 938.632 777.2923 
31/12/1951 1951 -129 2618.59 4058.703 2182.764 
31/12/1952 1952 2214.915 3186.405 -129 1757.44 
31/12/1953 1953 2712.378 -129 1409.263 1330.88 
31/12/1954 1954 -129 355.209 1437.806 554.6717 
31/12/1955 1955 1720.762 3707.921 -129 1766.561 
31/12/1956 1956 2353.581 -129 1028.449 1084.343 
31/12/1957 1957 -129 3106.808 5277.272 2751.693 
31/12/1958 1958 1033.819 2339.779 -129 1081.533 
31/12/1959 1959 3126.44 -129 2053.033 1683.491 
31/12/1960 1960 -129 2094.351 3182.42 1715.924 
31/12/1961 1961 807.139 2188.882 -129 955.6737 
31/12/1962 1962 2194.216 -129 1034.973 1033.396 
31/12/1963 1963 -129 1941.58 3316.976 1709.852 
31/12/1964 1964 1790.906 3137.145 -129 1599.684 
31/12/1965 1965 4427.52 -129 3125.232 2474.584 
31/12/1966 1966 -129 2411.647 4602.479 2295.042 
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31/12/1967 1967 3352.717 3842.133 -129 2355.283 
31/12/1968 1968 1988.143 -129 907.115 922.086 
31/12/1969 1969 -129 2781.538 4295.402 2315.98 
31/12/1970 1970 3227.039 4944.581 -129 2680.873 
31/12/1971 1971 807.586 -129 -57.295 207.097 
31/12/1972 1972 -129 2194.99 3245.246 1770.412 
31/12/1973 1973 3231.315 3741.252 -129 2281.189 
31/12/1974 1974 3495.332 -129 2266.312 1877.548 
31/12/1975 1975 -129 2786.361 3466.113 2041.158 
31/12/1976 1976 2743.512 4736.535 -129 2450.349 
31/12/1977 1977 3362.23 -129 2271.084 1834.771 
31/12/1978 1978 -129 2618.014 4508.185 2332.4 
31/12/1979 1979 2773.998 3711.869 -129 2118.956 
31/12/1980 1980 4322.029 -129 2863.698 2352.242 
31/12/1981 1981 -129 2861.151 3881.867 2204.673 
31/12/1982 1982 1111.073 2728.736 -129 1236.936 
31/12/1983 1983 5116.251 -129 3499.734 2828.995 
31/12/1984 1984 -129 1941.534 3182.179 1664.904 
31/12/1985 1985 2428.194 3742.648 -129 2013.947 
31/12/1986 1986 2376.354 -129 1467.259 1238.204 
31/12/1987 1987 -129 2929.906 4103.841 2301.582 
31/12/1988 1988 1644.18 2338.182 -129 1284.454 
31/12/1989 1989 5251.351 -129 3485.517 2869.289 
31/12/1990 1990 -129 2560.887 3840.68 2090.856 
31/12/1991 1991 2605.841 3710.043 -129 2062.295 
31/12/1992 1992 3316.69 -129 2348.091 1845.26 
31/12/1993 1993 -129 2758.986 3741.304 2123.763 
31/12/1994 1994 826.334 1891.701 -129 863.0117 
31/12/1995 1995 3073.134 -129 2171.936 1705.357 
31/12/1996 1996 -129 1445.171 4075.971 1797.381 
31/12/1997 1997 484.93 1525.838 -129 627.256 
31/12/1998 1998 1822.052 -129 1334.427 1009.16 
31/12/1999 1999 -129 1240.764 2295.755 1135.84 
31/12/2000 2000 2848.513 3678.476 -129 2132.663 
31/12/2001 2001 3849.226 -129 3113.834 2278.02 
31/12/2002 2002 -129 1936.131 3107.859 1638.33 
31/12/2003 2003 2024.501 3022.505 -129 1639.335 
31/12/2004 2004 5211.652 -129 2816.196 2632.949 
31/12/2005 2005 -129 2612.585 3950.236 2144.607 
31/12/2006 2006 2690.754 3513.961 -129 2025.238 
31/12/2007 2007 4395.793 -129 3129.116 2465.303 
31/12/2008 2008 -129 2317.886 2975.37 1721.419 
31/12/2009 2009 2120.625 2897.017 -129 1629.547 
31/12/2010 2010 1433.812 -129 746.124 683.6453 
31/12/2011 2011 -129 2152.649 3203.094 1742.248 
31/12/2012 2012 3134.113 4537.478 -129 2514.197 
31/12/2013 2013 1478.681 -129 798.853 716.178 
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